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ACID DERIVATIVES USEFUL AS SERINE PJtOTEASE INHIBrrORS 

Related applications 
This application claims the benefit of U.S. Provisional Application No. 
5 60/246,392, filed November 7, 2000, incorporated herein by reference. 

Field of the Invention 

The present invention relates to acid derivatives that are inhibitors of serine 
proteases such as Factor Vila, Factor Ka, Factor Xa, Factor FXIa, tryptase, and 
10 urokinase. These acid derivatives are useful as* anticoagulants in treating and 
. preventing cardiovascular diseases, as anti-inflammatory agents, and as metastasis 
inhibitors in treating cancer. 

Background of the InTention 

Under normal conditions, the coagulation system is naturally balanced in 
15 favorof anticoagulation by a number ofproteins circulating in the blood. Hiese 

proteins include antithrombin HI, a serine-protease inhibitor, and protein C, a vitamin- 
K dependent protein formed in the liver. When injury or trauma occurs, thrombin is 
produced at precise levels through an ord^ed series of reactions. Thrombin is a 
proteolydc ^izyme that occupies a central position in the coagulation process. 
20 Thrombin catalyzes the conversion of fibrinogen to fibrin, is a key effector enzyme 
for blood clotting, and also is pivotal for oth^ functions, such as activation of help^ 
protSns^Cincluding Fact^VWd Vm and tlnombomodinin)7and its own activatiOTT" 
Disturbances in the natural balance between pro- and anti-coagulant forces may result 
in bleeding or thrombotic diseases. 

25 Hie series of reactions leading to thrombin production involve a number of 

coagulajdon factors present in the blood as precursors (e.g.. Factors VII- XH). When 
the coagulation system is triggered {e.g.^ wh^ trauma occurs), the coagulation factors 
are transformed mto activated factors {e.g.. Factors VUa, Ka, Xa, XIa, etc.). Factor 
Vn forms a complex with a membrane protein called tissue factor, to which Factor 
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Vna tightly binds. Thus, Factor Vila is present as a complex bound to tissue factor. 
When triggered, the coagulation factors and tissue factor complexes undergo an 
ordered chain of reactions that ultimately lead to conversion of Factor X to Factor Xa, 
and Factor Xa catalyzes the conva:sion of prothrombin to thrombiiL 

5 An elevated plasma level of coagulation factors, particularly Factor Vila, is 

a risk factor for fatal myocardial infarction and associated with coronary artery 
disease and other abnormalities of the coagulation system, e,g., thrombosis, ischemic 
vascular disease, intravascular clotting, stroke, emboliisms, and so forth. Accordingly, 
antithrombotic agents have been researched and developed for use in treating 

10 cardiovascular and other diseases. Presently establiished antithrombotic agents 

include heparin, coumarin, and aspirin, among others. There are, however, limitations 
with these ag^ts. For example, both heparin and coumarin have a highly-variable 
dose-related response, and their anticoagulant effects must be closely monitored to 
avoid a risk of serious bleeding. The erratic anticoagulant response of heparin is 

15 likely due to its propensity to bind non-specifically to plasma proteins. Aspirin has a 
limited efScacy and at high doses presents a risk of gasttx)intesti&al bleeding. 
Thrombin mhibitors and their drawbacks are further discussed in WO 96/20689 to 
duPont Merck Pharmaceutical Co. 

As may be appreciated, those in the field of pharmaceutical research 
20 continue to seek to develop new compounds and coinpositions having increased 

effectiveness and bioavailability and/or having fewer side effects, i^^^, e.^., Jakobsen 

etal.,^InhibiU)rsof-the~msue Factor^ 

and In vitro Evaluation of Novel Specific 2-aryl Substituted 4H'3J'benz0xazinr4' 
ones;' Bioorganic & Medicinal Chemistry, Vol. 8 (August 2000), at pp. 2095-2103; 

25 and J. Hirsh et al., ^Thrombosis, New Antithrombotic Agents,'' Lancet Vol. 353 • 
(April 24, 1999), at pp. 1431-36. There is particularly an interest m developing agents 
tiiat c^ selectively and directiy inhibit key factors in the complicated coagulation 
process. Compounds effective in mhibiting Factor Xa are described in U.S. Pat 
applications Serial No. 09/478,632, filed January 6, 2000, Serial No. 09/633,751, filed 

30 August 7, 2000, and Serial No. 09/496,57 1, filed February 2. 2000. Con^unds 
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effective in inhibiting Factors VUa, Xa, as well as tryptase and urokinase are 
described in U.S. Pat. application Serial No. 09/458,847, filed December 13. 1999.. 
The above referenced *632, *751, '571, and '847 applications show lactam 
compounds and are each assigned to the present assignee with common inventors . 
5 herewidi. Factor Xa mhibitors arc also disclosed in PCT applic, WO 98/57937 to the 
duPont Merck Pharmaceutical Co. 

PCT patent application WO 99/41231 to Ono Pharmaceuticals Inc., ("Ono") 
discloses a series of amidino derivatives such as 2-(3-(4-amidinophenyIcarbamoyl)- 
naphthalen-2-yl)-5-((2,2-methy]propyl)carbamoyl benzoic acid, which are claimed to 

10 be Factor Vila inhibitors. The Ono application is discussed in Kohrt et aL, "An 
Efficient Synthesis of2-(3-(4'Amidinophenylcarb<mwyl)mphthalen-2-yl)^^^^ 
methylpropyl)carbamoyl benzoic acid: a Factor Vila Inhibitor Discovered by the Ono 
Pharmaceutical Company,'' Tetrahedron Letters , Vol. 41 (June 2000), at pp. 6041-44, 
which reports that Ono fails to fully describe an effective method for making the titled 

15 compound. Inhibitors of Factor Vila arc also reported in WO 01/44172 to Axys 
PharaL Inc. PCT patent application WO 98/47876 to Akzo Novel N. V., published 
October i9, 1998, discloses certain bicyclic groups such as isoquinoline groups which 
reportedly are advantageous for promoting pharmacological properties, and 
isoqumoline^ontaining compounds are disclosed in WO 94/29273 to SmithKline 

20 Beecham Corp. Biphenyl compounds and/or acid substimted bicyclic compounds are 
also disclosed in US Pat No. 5,612,341, US Pat No. 6,248,767 Bl, US Pat No. 
3,995,045, EP patent ^plication 0 206 567 A2 to Wamar Lambert Co.. and WO 
01/70678 to Merck Patent GmbH. 

The patents, patrat q)plicatidn5, and articles cited above are incorporated 
25 herein by reference. 

The present invention provides add-based compounds useful as inhibitors of 
Factor Vila, Factor IXa, Factor Xa, Factor EXIa, tryptase, and urokinase. 
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Summary of the Invention 

Acid derivatives arc provided that are inbibitois of serine proteases having 
the Formula I: 



(Rg)m 




CO2R3 



or pharmaceutically-acceptable salts, hydrates or prodrugs thereof, wherein: 

;. ■ 

W is selected from Ca-ioalkyl, Q-ioalkenyl, substituted C2-ioalkyl, substituted C2. 
loalkenyl, "<:(=0)NR4R5, -0R6. -CO2R4, -<X=0)R4, ^R4,-^ (0)pR4, -NR4R5, 

10 -NR4SO2R5, -NR4aS02NR4R5, -NR4CO2R5, -NR4C(=0)R5, -NR4aC(=0)NR4R5, 

-SO2NR4R5, heterocyclo, heteroaryl, aryl, and cycloalkyl; 
ring B is phenyl or pyridyl; 

X2 is N, CH, or C, provided that X2 is C when Ri and Ri join to form a fully 
unsaturated ring; 

15 L is -<CRi8Ri9),-Y«{CR,8aRi9>)t; 

y-is selected finom-=e(=«)r<:(=0)NRi3^^ — ^ 

-CR14R15-NR13-. and -CR13R14-CR15R16-; 
Z is a 5 to T-membered monocyclic or 8 to 1 1-membeared bicyclic aryl, heCieroaryl, 
heterocyclo, or cycloalkyl, wherein each Z group is optionally substituted with up 
20 to two R20 and/or up to one R21, except Z is not phenyl substituted with 

phenyloxy when W is methoxy, ^ is 0 and Y is -CH2-CH2-; 
Ri and R2 (i) are independ^dy selected from hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, heteroaryl, aryl, heterocyclo, and cycloalkyl; or (ii) 
are tak^ together to form an aryl, h^eroaryl, cycloalkyl, or heterocyclo. 
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provided that Ri and R2 do not together form pyiazole when W is methoxy and Z 
is biphenyl; and when Ri and R2 individually or together form a heteroaryl, aryl, 
heterocyclo, or cycioalkyl, said cychc group is optionally substituted with up to 
three R26; 

5 R3 is hydrogen, alkyl, substituted alkyl, heteroaryl, aryl, heterocyclo, cycioalkyl, or 
alkyl substituted with -OC(=0)R24 or -OC(=0)OR24, wherein R24 is alk^, 
substituted alkyi, or cycioalkyl, provided that R3 is not phrayl when W is 
medioxy; 

R4, R4a,Rs and are (i) indepradently selected from hydrogen, alkyl, substituted 
10 alkyl, alkenyl, substituted alkmyl, aUcynyl, substituted alkynyl, h^eroalkyl, 
substituted heteroalkyl, aryl, heteroaryl, heterocyclo, and cycioalkyl; or 
alternatively, (ii) R4 and R5 may be taken together to form a five-to-seven 
membered heteroaryl or heterocyclo, except when W is ~S(0)pR4, then R4 is not 
hydrogen; 

15 Rs and R26 (i) are at each occurrence independendy selected from hydrogen, OR30, 
NR31R32, NR3iS02R32a, alkyl, alkenyl, substituted alkyl, substituted alkenyl, 
halogCT, haloalkyl, haloalkoxy, cyano, nitro, alkylthio, -C(=0)H, acyl, -CO2H, 
alkoxycarbonyl, sulfonamido, sulfonyl, and phenyl, or (ii) two of Rg and/or two 
of R26 may be taken together to form a fused benzo ring, a fused heteroaryl, a 

20 fused cycloallqrl, or a fused heterocyclo other than a five or six m^iibered 

heterocyclo having as its het^atoms two oxygen atoms, provided further that 
when two R26 form a fused benzo ring, then Z is not ph^yl substituted in the para 
p^ti^^tfa cyano or a five-memb^edl^t^roc^leor heteroaryl; 
R13.R14, Ri5» R16, R18, Ri8a* Ri9, and Ri^a are selected fix>m hydrogen, lower alkyl, 

25 hydroxy, and lower alkyl substituted with hydroxy or halogen; 

R20 and R21 are indq)endaidy selected at each occurrence from hydrogen, halogen, 
alkyl, substituted alkyl, haloalkyl, haloalkoxy, cyano, nitro, '-C(=0)NR22R:23. 

-OR22, -<:02R22> --C(=0)R22, -SR22, -S(0)qR22a, -NR22R23. -NR22SO2R23, - 
NR22CO2R23. -NR22C(=0)R23, -NR22C(=0)NR23R33,-SQ2NR22R23, - 

. 30 NR22Sb2NR23R33» five or six membered heterocyclo or heteroaryl, ph^yl, and 
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four to iseven membered cycloalkyl, wherein when R20 and/or R21 independent of 
each other comprise a cyclic group, each cyclic group in turn is optionally 
substituted with up to three of CMalkyl, CMalkoxy» halogen, hydroxy, haloalkyl, 

i 

haloalkoxy, amino, alt^amino, and/or cyano; 
5 R22» R23 and R33 are indeprad^tly selected from hydrogen, alkyl, and substituted 
alkyl; 

R22a is alkyl or substituted alkyl; 

R30 at each occuir^ce is selected fiom hydrogen, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl, and phenyl; 
10 R3X and R32 at each occurrence are indq)endently selected from hydrogen, alkyl^ 
substituted alkyl, alkenyl, substituted alkenyl, and cycloalkyl; 
R32a is alkyl, substituted alkyl, alkenyl, substituted alkenyl, or cycloalkyl; 
m is 0, 1 or 2 when.ring B is phenyl and 0 or 1 when ring B is pyridyl; 
p and q are independently 1 or 2; and 
15 s and / are independently 0, 1 or 2. 

The compounds of this invention are surprisingly selective inhibitors of 
serine proteases. For example, it has been found that certain selections for the groups 
**Z-Lr-*' in formula I, provide compounds which are particularly selective for inhibition 
20 of one or more serine proteases versus other proteases. To illustrate, it has been 
surprisingly found that vfhssx ZrLr is selected from: 
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compounds of fonnida I are particularly selective for inhibition of FVHa. 



5 As anoth^ illustration, it has been found that when Z-Lr 




is H , compoundsof formula I are particularly selective 

for inhibition of FKa. 

Included within the scope of the invention are pharmaceutical compositions 
for treatmg a serine protease disease, an inflammatory or immune condition, or 

10 cancer, comprising at least one compound of formula I or a pharmaceutically 

acceptable salt, hydrate or prodrug thereof, and a pharmaceutically acceptable carrier 
^^diluent. Also included in the invention are methods of treating such diseases 
comprising administ^ing to a mammal in need of such treatment at least one 
compound of formula I or a pharimaceutically acceptable salt, hydrate or prodrug 

15 th^eof. Further included in the invention are compositions for use as anticoagulants 
during the preparation, use, storage, or fractionation of blood and methods of 
maintaining blood in the fluid phase during its preparation, use, storage, or 
fractionation. 
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Detailed Descripti n of the Invention / 

The following are defioitions of tenns used in this specification.. Hie initial 
definition provided for a group or term herein applies to that group or tern throughout 
this specification, individually or as part of another group, unless otherwise indicated 

5 • The tain "alkyl" refers to straight or branched chain hydrocarbon groups 

having 1 to 12 carbon atoms, preferably 1 to 8 carbon atomsl Lower alkyl groups, 
that is, alkyl groups of 1 to 4 carbon atoms, are most preferred. 

When numbers appear in a subscript after the symbol "C, the subscript 
defines with more specificity the number of carbon atoms that a particular group may 
1 0 contauL For example, "Cj^alkyl" refers to straight and branched cham alkyl groups 

with one to six carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t- 
butyl, n-pentyl, and so forth. 

The term "substituted ^alkyl" refers to an alkyl group as defined above having 
one, two, or three substituents selected j&om the group consisting of halo, alkenyl. 
15 alkynyl, nitro, cyano, hydroxy, alkoxy, alkylthio, -CO2H, -C(=0)H, -COi-alkyl, - 
C(=0)alkyl, -S(0)2(alkyl), keto (=0), aryl, heteroaryl, het^ocyclo, and cycloalkyl, 
including phenyl, benzyl^ phenylethyl, phenyloxy, and phenylthio. The substituents 
for "substituted alkyl" groiq>s may also be selected firom the group consisting of - 
NR'R-, -C(=0)NR'R". -C02NR'R", -NR'COj^R", -^fR»CX=0)R*^ ^OzNR^R", 

20 and -rNR*S02'R'*, wherein each of R' and R" is mdependaifly selected firam 

hydrogen, alkyl, cydoalkyl, and alkyl substituted with one to two of alkmyl, halogen, 

___haloalkyi.haLQalkoxy,.cyano,.nitro^ 

phenyl, benzyl, phenyloxy, and boizyloxy. Alternatively, R' and R** may togeth^ 
form a hetm)cycIo or heteroaryl ring. When a substituted alkyl includes an aryl, 

25 hetCTOcyclo, cycloalkyl, or heteroaryl substituent, said ringed systems are as defined 
below and thus may have zero, one, two, or three substituents, also as defined below. 

When the term "alkyl" is used in conjunction with another group, e.g. , 
arylalkyl, hydroxyalkyl, etc., the term defines with more specificity a particular 
substituent that a substituted all^l will contain. For exan^Ie, arylalkyl ref^ to a 
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substituted alkyi group having from 1 to 12 carbon atoms and at least one aryl 
substituent, and "lower arylalkyl" refers to substituted alkyl groups having 1 to 4 
carbon atoms and at least one aryl substituent 

The tenn '*alkenyr refers to strdgfat or branched chain hydiocaibon groups 
5 having 2 to 12 carbon atoms and at least one double bond. Alkenyl groups of 2 to 6 
carbon atoms and having one double bond are most preferred. 

The term "alkynyl" refers to straight or branched chain hydrocarbon groups 
ha^g 2 to 12 carbon atoms and at least one triple bond Alkynyl groups of 2 to 6 
carbon atoms and having one triple bond are most preferred 

10 Tlie term "alkylene'* refers to bivalent straight or branched chain hydrocarbon 

groups having 1 to 12 caibon atoms, preferably 1 to 8 carbon atoms, ^.g., {-CH2-}n, 
wherein n is 1 to 12, preferably 1-8. Lower alkylene groups, that is, alkylene groups 
of 1 to 4 carbon atoms, are most preferred The terms "alkenyleiie" and "alkynylene" 
refer to bivalent radicals of alkenyl and alknyl groups, respectively, as defined above. 

15 When reference is naade to a substituted alkylene, alkraylrae, or alkynylene 

group, these groups are substituted with one to three substitutents as deiBned above for 
alkyl groups. Aringedsubstituentofanalkyl, alkenyl^ alkynyl, alkylene, alkenyl^e, 
or alkynyloDie may be joined at a terminal atom or an available intermediate (branch 
or chain) atom and thus may comprise, for example, the groups 




20 " ^ » and so forth. 



The team '"alkoxy" refi^ to an alkyl group as defined above having one, two 
or three oxygen atoms (-(>-) in the alkyl chain. For example, the term "alkoxy* * 
includes the groups -O-Ci.nalkyl, -Ci^alkylene-O-Ci-^alkyl, -€Malkylene-0-Ci- 
4alkylCTe-C)-Ci.4alkyl, O-C^^alkylene^O-Ci^alkylene-O-Ci^alkyl, and so forth. 

25 The term **alkylthio" refers to an alkyl group as defined above bonded through 

one or more sulfur {S-) atoms. For example, the term "alkylthio" iucludes the groups 
-S-C,,,2alk3d, -Si^alkylene-S<;i.^alkyl. etc. 
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The tenn "alkylamino" refers to an alkyl group as defined above bonded 
through one or more nitrogen (-NR-) groups. The term alkylamino refers to straight 
and branched chain groups and thus, for example, includes the groups -NH(C|. 
,2alkyl)and--N(Cj^l)2. 

V 

5 Wbra a subscript is used with reference to an alkoxy, alkylthio or alkylanoino, 

the subscript refers to the numb^ of car|>on atoms in the group in addition to 
hetm)atonis. Thus, for example, monovalent C,.2alkylainino includes the groups - 

NH-CH3, -NH-CH2-CH3, and -N-(CH3)2. A lower alkylamino comprises an 
alkylamino having from one to four carbon atoms. 

10 When reference is made to a substituted alkoxy or alkylthio, the caibon atoms 

of said groups are substituted with one to three substituents as defined above for alkyl 
groups. When reference is made to a substituted alkylamino, the carbon and/or 
nitrogen atoms of these groups are substituted with one to three substitutents 
appropriately selected fix)m the group of substituents recited above for alkyl groups. 

15 Additionally, the alkoxy, alkylthio, or alkylamino groups may be monovalent or 
bivalent By "monovalent'* it is meant that the group has a valency power to 
combine with another group), of one, and by **bivalent" it is meant that the group has 
a valency of two. Thus, for example, a monovalent alkoxy includes groups such as - 
0-Cj_,2alkyl and -Cj^alkylene-O-Cj^alkyl, whereas a bivalent alkoxy includes 

20 groups such as -O-C^^^^alkylcne- and -Cj^alkylene-O-Cj^alkylene-, etc. 

The tma "heteroalkyr is used herein to refer saturated and unsaturated 
!$^gbt~WbrancEai chain ^drocarbon groups liaving"2~to~12~^bon atoms, 
•preferably 2 to 8 carbon atoms, wherein one, two or three carbon atoms in the straight 
chain are replaced by a heteroatom (O, S or N). Thus, the term "heteroalkyl" includes 
25 alkoxy, alkylthio, and alkylamino groups, as defined above, as well as alkyl groups 
having a combination of heteroatoms selected fiom O, S, or N. A 'Tieteroalkyr* 
herein may be monovalent or bivalent^ and for example, may comprise the groups -O- 
(CH2)2.5NH-(CH2)2- or-0-(CH2)2.5NH-CH3, etc. A "substituted heteroalkyl" has one 
to three substituents appropriately selected ftom those recited above for alkyl groups. 
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O 

The term "acyl** refers to a carbonyl group ( p~ ) linked to an organic 
radical including an alkyi, alkenyl, alkynyl, substituted alkyl, substituted alkenyl, or 
substituted alkynyl group, as defined above. 

O 

The term "alkoxycarbonyl" refm to a carboxy or ester group (—C— O ) 
5 linked to an organic radical including an alkyl, alkenyl, alkyijiyl, substituted alkyU 
substituted alkenyl, or substituted alkynyl group, as defined above. 

The term '*halo" or 'lialogen'' refers to chloro, bromo, fluoro and iodo. 

The term "haloalkyl" means an alkyl having one or more halo substitu^ts, 
eg., including trifluoromethyl. 

10 The term ^'haloalkoxy" means an alkoxy group having one or more halo 

substituents. For example, 'Tisdoalkoxy*' includes -OCF3. 

The tenn "sulfonyl" refers to a sulphoxide group (le., -S(0)i.2-) linked to an 
organic radical including an alkyl, alkenyl, alkynyl, substituted alkyl, substituted 
alkenyl, or substituted alkynyl group, as defined above. The organic radical to which 
15 the sulphoxide group is attached may be monovalent (eg., -S02-alkyl), or bivalent 
ie.g. , -S02-alkylene, etc.) 

The tenn "sulfonamide" refers to the group -S(0)2NR*R", wherein R' and R" 
may be hydrogoi or alkyl, alkenyl, alkynyl, substituted all^l, substituted alk^yl, or 
substituted alkynyl, as defined above. R* and R" may be monovalent or bivalent (e.g., 
20 -SOrNH-alkylOTe, etc.) 

The term "aiyr refers to phenyl, biphenyl, 1-naphthyl and 2-naphthyl, with 
phenyl being preferred. The term '"aryl" includes such rings having zero, one, two or 
three substituents selected fiom the group consisting of halo, alkyl, alkenyl, alkynyl, . 

nitro, cyano, hydroxy, alkoxy, alkylthio, -CO2H, -C(=0)H, COralkyl, -<:X==0)alkyl, 

i " 

25 phm^, benzyl, ph^ylethyl, phenyloxy, phenyllfaio, cycloalkyl, heterocyclo, 

hete^oaIyl,-NR'R^-<:(==0)lm•R^-C02l^ -NR*C02'R",-NR'C(=0)R".- 
SOtNR^R", -NR'SQi'R'', and/or alkyl substituted with one to three of halo, nitro, 
cyano, hydroxy, alkoxy, alkylthio, -COaH, -C(=0)H, COralkyl, -C(=0)alkyl, phenyl, 

-11^ 
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benzyl, phenylethyl, phenyloxy, phenylthio, cycloalkyl, heterocyclo, heteroaryl, - 
NR'R", -C(=0)NR*R", -CC^NR'R", -NR'CC^'R", -NR'C(=0)R", ^OiNR^R", 
and/or -NR^SOa'R*'. wherein each of R* and R" is independently selected from 
hydrogen, alkyl, alkoxy, hydroxyalkyl, and arylalfcyl, or R' and R** together form a 
5 heterocyclo or heteroaryl ring. When an aryl is substituted with a further ring, said 
ring may in turn be substituted with one to three of halogen, haloalkyl, haloalkoxy, 
cyano, nitro, hydroxy, alkoxy, alkylthio, amino, alkylamino, phwiyl, benzyl, 
phenyloxy, and benzyloxy. 

The term *'cycloallcyr' refers to fiiUy isaturated and partially unsaturated 

10 hydrocaibon rings of 3 to 9, preferably 3 to 7 carbon atoms. Tho terai "cycloalkyl" 
includes such rings having zero, one, two, or three substifaients, preferably zero or 
one, selected JBrom the group consisting of halo, alkyl, alkenyl, alkynyl, c^tro, cyano, 
oxo (=0), hydroxy, alkoxy, alkylthio, -CC^H, -C(=0)H, CQralkyl, -C(=0)alkyl, 
keto, =N-OH, =N-Oalkyl, heteroaryl, heterocyclo, a five or six memb^sd ketal (Le. 

15 1 3-<lioxolane or 13^ioxane)^ a four to seven membered carbocyclic ring, -NR*R", - 
C(=0)NR'R^ ^OiNR'R", -NR'CCb'R". --NR'C(=b)R", -502NR'R", - 
NR*S02'R**, and/or alkyl substituted with one to three of halo, nitro, cyano, hydroxy, 
. alkoxy, alkylthio, -CO2H, -C(=0)H, COa^alkyl, -C(=0)alkyl, phenyl, benzyl, 
phenylethyl, phenyloxy, phenylthio, a four to seven membered carbocyclic ring, 

20 heterocyclo, heteroaryl, -NR'R", -C(=0)NR*R*\ -C02NR'R^ -NR*C02'R**, - 
NR'C(=0)R", -^OjNR^R", and/or -NR'S02*R", wh^ein each of R* and R" is 
independently selected from hydrogen, alkyl, alkoxy, hydroxyalkyl, and ar ylalkyl, or 
R^ and R" together form a heterocyclo or heteroaryl ring. When a cycloalkyl is 
substituted with a further ring, said ring may in turn be substituted with one to thrw of 

25 halogM, haloalkyl, halMlkoxy, cyano, nitro, hydroxy, alkoxy, alkylthio, amino, 
alkylamino, phenyl, benzyl, phenyloxy. and benzyloxy. 

The tenn ^Tieterocyclo** refers to substituted and unsubstituted non-aromatic 3 
to 7 membered monocyclic groups, 7 to 1 1 membered bicyclic groups, and 10 to 15 
membered tricyclic groups which have at least one heteroatom (O, S or N) in at least 
30 one of the rings. Each ring of the heterocyclo group containing a heteroatom can 
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contain one or two oxygen or sulfur atoms and/or firom one to four nitrogen atoms, 
provided that the total number of heteroatoms in each ring is four or less, and further 
provided that the ring contains at least one carbon atOHL The fused rings completing 
the bicyclic and tricyclic groups may contain only carbon atoms and may be saturated,. 
S partially saturated, or unsatm:ated The nitrogen and sulfur atoms may optionally be 
oxidized and the nitrogen atoms may optionally be quat^nized. The hetax>cyclo 
group may be attached at any available nitrogen or carbon atonL The heterocyclo ring 
niay contain zero^ one, two or three substituents selected firom the group consisting of 
halo, alkyl, alkenyl^ alkynyl, nitro, cyano, oxo, hydroxy, alkoxy, alkylthio, -COiH, - 
C(=0)H, COralkyl, -C(=0)alkyl, keto, =N-OH, =N-0-alkyl, aryl, heteroaryl, 
cycloalkyl, a five or six membered ketal (Le. 1,3-dioxolane or l,3Hlioxane), -NR'R", 
-C(=0)NR'R", -CCyNR'R", -NR'COa'R", --NR'C(=0)R", -SOaNR'R". - 
NR'SOi'R*', and/or alkyl substituted with one to three of halo, nitro, cyano, hydroxy, 
alkoxy, alkylthio, -CO2H, -C(=0)H, C02-alkyl, -C(=0)alkyl, phenyl, benzyl, 
phenylethyl, phenyloxy, phraylthio, cycloalkyl, heterocyclo, heteroaryl, -NR'R", - 
C(=0)NR*R% "C02NR'R^ -NR^CQz'R", -NR*C(=0)R", -SCfeNR'R", and/or - 
NR*S02*R" wherein each of R* and R** is independently selected from hydrogen, 
alkyl, alkoxy, hydroxyalkyl, and arylalkyl, or R* and R" together form a heterocyclo 
or heteroaryl ring. When a het^ocyclo is substituted with a further ring, said ring may 
in turn be substituted with one to three of halogen, haloalkyl, haloalkoxy, cyano, nitro, 
hydroxy, alkoxy, alkylthio, amino, alkylamino, phenyl, benzyl, phenyloxy, and 
benzyloxy. 

Exeiiq)lary inonocyclic groups include azetidinyl, pyrrolidinyl, oxetanjd, 
imidazolinyl, oxazolidinyl, isoxazolinyl, thiazolidinyl, isothiazolidinyl, 
tetrahydrofuranyl, piperidinyl, piperazinyl, 2-oxopipera2inyl, 2-oxopipaidinyl. 2- 
oxopyrrolodinyl, 2-oxoazepinyl, azepinyl, 4-piperidonyl, tetrahydropyranyl, 
mbrpholinyl, thiamorpholinyl, tfaiamorpholinyl sulfoxide, thiamorpholinyl sulfone, 
1,3-dioxolane and tctiahydn>-l,l-dioxothienyl and the like. Exemplary bicyclic 
heterocyclo groups include quinuclidinyl. 



wo 02/42273 . _ _ _?CT^S01/46884 

The term "heteroaryl" refers to substituted and unsubstiluted aromatic 5 or 6 
membered monocyclic groups, 9 or 10 membered bicyclic groups, and 1 1 to 14 
membered tricyclic groups which have at least one heteroatom (O, S or N) in at least 
one of the rings. Each ring of the heterbaryl group containing a heteroatom can 
S contain one or two oxygen or sulfur atoms and/or from one to four nitrogen atoms 
provided that the total number of hetoroatoms in each ring is four or less and each ring 
has at least one caibon atom. The fused rings completing the bicyclic and tricyclic 
groups may contain only caifoon atoms and may be saturated, partially saturated, or 
unsaturated. The nitrogen and sulfur atoms may optionally be oxidized and the 

10 nitrogen atoms may optionally be guatemized. Heteroaryl groups which are bicyclic 
or tricyclic must include at least one fully aromatic ring but the other fused ring or 
rings may be aromatic or non-aromatic. The heteroaryl group may be attached at any 
available nitrogen or carbon atom of any ring. The heteroaryl ring system may 
contain zero, one, two or three substituents selected from the group consisting of halo, 

15 alkyl^ alkenyl, alkynyl, nitro, cyano, hydroxy, alkoxy, alkylthio, -CO2H, -C(=0)lt 
COralkyl, -C(=0)alk3fl, pheaiyl, b^yl, ph^ylethyl, phenyloxy, phenylthio, 
cycloalkyl, het^cyclo, a further monocyclic het«x)aryl, -NR'R**, -<X=0)NR'R"i - 
COaNR'R", -NR'COa'R", ^^R*C(=0)R», -SOjNR'R", -NR'SOj'R". and/or alkyl 
substituted with one to three of halo, nitro, cyano, hydroxy, alkoxy, alkylthio, -CO2H, 

20 -C(=K))H,C(Valkyl,<:(=0)alkyl, phenyl, benzyl, phenylethyl,phe^^^ 

phtoylthio, cycloalkyl, hetat)cyclo, heteroaryl, -NR'R", --C(=0)NR'R", -COaNR'R", 
-NR'C02*R",-NRT(=0)R", -SOzNR'R", and/or -NR*S02*R", wherein each of R* 
and R** is independently selected from hydrogen, alkyl, alkoxy, hydroxyalkyl, and 
arylalkyl, or R* and R*" together form a heterocyclo or heteroaryl ring. Wh^ a 

25 heteroaryl is substituted with a further ring, said ring may in turn be substituted with 
one to three of halogen, haloalkyl, haloalkoxy, cyano, nitro, hydroxy, alkoxy, 
alkylthio, amino, alkylamino, phenyl, benzyl, phenyloxy, and benzyloxy. 

Exenqilary monocyclic het^aiyl groups include pyrrolyl, pyrazolyl, 
pyrazolinyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, thiadiazolyl, isothiazolyl. 
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fiiranyl, tbienyl, oxadiazolyl, pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, triaTinyl 
and the like. 

Exemplary bicyclic heteroaiyl groups include indolyl, benzothiazolyU 
benzodioxolyl, benzoxaxolyl, b^izothirayl^ quinolinyl, tetrahydroisogumolinyl, 
5 isoquinolinyl, benzumdazolyl, benzopyranyU iadolizinyl, benzofuranyl, cbiomdnyl, . 
coumarinyl, benzopyranyl» ciniiolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, 
furopyridinyl, dihydroisoindolyl, tetrahydroqumolinyl and the like. 

Exemplary tricyclic heteroaryl groups include caibazolyl, benzidolyl, 
pbenanthrollinyl, acridinyl, pbenanthridinyl, xanthenyl and the like. 

10 The terai "caibocyclic** refers to optionally substituted aromatic or non- 

aromatic 3 to 7 membered monocyclic and 7 to 1 1 memboed bicyclic groups, in 
which all atoms of the ring or rings are caibon atoms. 

When the term **unsaturated" is used herein to refer to a ring or group, the ring 
ot group may be fully unsaturated or partially unsaturated, 

15 Hie term "metal ion" refers to alkali metal ions such as sodium, potassium or 

lithium and alkaline earth metal ions such as magnesium and calciuin, as well as zinc 
and aluminum. 

Whenever a bond appears in a formula as a dashed-double bond, with one 

-H2 'H2 

bond appearing as a dash as in — CrrC— ^ should be understood that such bonds 
20 may be selected from single or double bonds, as appropriate given the selections for 
adj acent atoms and bonds> Fbr exam ple, in formula I, above, when X2 is N or CH, the 

bonds linking Ri to X2 and X2 to Q are single bonds; and when X2 is C, one of the 

bonds linking X2 to an adjacrat atom is a double bond, Le,, either a bond to Rt or to 

Q is a double bond. 

25 It should be understood that one skilled in the field may make various 

substitutions for each of the groups recited in the claims herein, without departing 
fix)m the spirit or scope of the invention. For example, one sidlled in the field may 
replace a W group recited in the claims with a cyano, halogen, or methyl group. The 
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linker group X" recited in the claims may be replaced with the group -{R')u-Y'- 
(R")v- wherein Y* is a Y group recited in claim 1 , is a bond, or is selected fipom - 
C(=0)-. ^C(=0)]2^, -0-, -NR., -C(=:NR)-, ^(O)i.r. -mC(=0)NR., ^SOr , or - . 
SO2NR-, wherein R is selected from hydrogCT,alkyl, substituted alk^,alkeny^ 

5 substituted alkenyl, a heterocyclo or carbocyclic ring, and so forth, R' and R"* may 
conqprise substituted or unsubstituted alkylene, alkenylene, or alkynylene, and u and v 
may be (M. Additionally, the acid group -CO2R3 may be jomed to the phenyl or 
pyridyl ring B with a linker such as a methylrae group or replaced with other acid 
functional groups such as -SO3H, -P(=0)(0R)2, -S02NHC(=0)R, -C(=0)NHS02R, t 

10 C(=0)NHOH, -[C(=0)]20R, or tetrazole, wherein R is hydrogen, alkyl, substituted 
alkyl, cycloalkyl, and so forth. 



~NRi3C(=0>-, the carbonyl group C(=0) is attached to the Ce carbon atom and the 
nitrogen group -NR13- is attached to Z, as in many Examples herein. Conversely, 
when Y is recited as -C(0)NRi3-, this means the caibonyl group C(=0) is attached to 
20 Zand the nitro gen g roup -NR m - is attached to t he Qcaifaon atom, 

Throughout the specification, groups and substituents thereof may be chosen 
by one skilled in the field to provide stable moieties and compounds. 

The compounds of formula I form salts which are also within the scope of this 
invention. Unless otherwise indicated, reference to an invrative coioipound is 
25 understood to include refi^ence to salts th^eof . The term "saltCs)" denotes acidic 
and/or basic salts formed with inorganic and/or organic adds and bases. In addition, 
the term **salt(s) may include zwittedons (inner salts), eg., when a compound of 



15 



It should be further understood that for compounds of formula I, the linker 
group *TL" is inserted into the formula I in the same direction set forth in the text 
Thus, for example, if L is recited as -CHr-Y-, this means the -CHr group is 
attached to Z, and the Y group is attached to the Ce carbon atom i.e., to which X2 is 



attached, as in: 




, Likewise, when Y is recited as 
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formula I contains both a basic moiety, such as an amine or a pyridine or imidazole 
ring, and an acidic moiety, such as a carboxylic acid. Pharmaceutically acceptable 
(ie., non-toxic, physiologically acceptable) salts are preferred, such as, for example, 
acceptable metal and amine salts in which the cation does not contribute significantly 
5 to the toxicity or biological activity of the salt. Howeyer. oth&c salts may be useful, 
e.g., in isolation or purification steps which may be employed during preparation, and 
thus, are contoziplated within the scope of the invention. Salts of the compounds of 
the formula I may be formed, for example, by reacting a compound of the formula I 
with an amount of add or base, such as an equivalent amount, in a medium such ^ 
10 one in which the salt precipitates or in an aqueous medium followed by lyophilization. 

Exemplary acid addition salts include acetates (such as those formed with 
acetic acid or trihaloacetic acid, for example, trifluoroacetic acid), adipates, alginates, 
ascorbates, aspartates, benzoates, benzenesulfonates^ bisulfates, borates, butyrates, 
citrates, camphorates, camphorsulfonates, cyclopeiitanepropionates, digluconates, 

15 dodecylsulfates, ethanesulfonates, fimiarates, glucoheptanoates, glycerophosphates, 
hemisulfates, heptanoates, hexanoates, hydrochlorides (formed with hydrochloric 
add), hydrobromides (formed with hydrogen bromide), hydroiodides, 2- 
hydroxyethanesulfonates, lactates, maleates (formed with maleic acid), 
methanesulfonates (formed with methanesulfpnic acid), 2-naphthalenesulfonates, 

20 nicotinates, nitrates, oxalates, pectinates, p^ulfates, 3-phenylpropionates, 

phosphates, picrates, pivalates, propionates, salicylates, succinates, sulfates (such as 
those formed with sulfuric acid), sulfonates (such as those mentioned h^dn), 
tartrates, thiocyanates, toluenesulfonates such as tosylates, undecanoates, and the like. 

Exemplary basic salts include ammonium salts, alkali metal salts such as 
25 sodium, lithium, and potassium salts; alkaline earth metal salts such as calcium and 
magnesium salts; barium, zinc, and aluminum salts; salts with organic bases (for 
example, organic amines) such as triaikylamines such as triethylamme, procaine, 
dibenzylamine, N-benzyl-p-phenethylamine, 1-ephenamine, NJN*-dibenzylethylene^ 
diamine • dehydroabietylamine, N-ethylpiperidine, benzylamme, dicyclobexylamine or 
30 similar pharmaceutically accq)table amines and salts with amino acids such as 
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arginine, lysine and the like. Basic nitrogen-containing groups may be quatemized 
with aigents such as lower alkyl halides {e.g,, methyl, ethyl, propyl, and butyl 
chlorides, bromides and iodides), dialkyl sulfates dimethyl, diethyl, dibutyl, and 
diamyl sulfates), long chain halides (eg., decyl, lauryl, myristyl and steaiyl chlorides, 
5 bromides and iodides), aralkyi haUdes (eg., benzyl and phenethyl bromides), and 
others. Preferred salts include monohydrochloride, hydrogensidfate, 
methanesulfonate, phosphate or nitrate. 

Prodrugs and solvates of the inventive compounds are also contemplated. The 
term "prodrug" denotes a compound which, upon administration to a subject, 
10 undergoes chemical conversion by metabolic or chemical processes to yield a 
compound of the formula I, and/or a salt and/or solvate thereof. Various forms of 
prodrugs are well known in the art. For examples of such prodrug derivatives, sec: 

a) Design of Prodrugs, edited bv H. Bundgaard. fiBlsevier, and 
Methods in EnzvmologY> VoL^, p. 309-396, edited by K. Widder, et al. (Acamedic 

15 Press, 1985); 

b) A Textbook of Drug Design and Development edited bv Krosgaaid- 
Larsen and H. Bundgaard, Chapter 5, *T)esign and Application of Prodrags,'* by H. 
Bundgaard, p. 113-191 (1991); and 

c) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992), 
20 each of which is incorporated herein by reference. 

Compounds containing a carboxy group can form physiolo^cally 
hydrolyzable.esters-which serve as prodrugs by being hydrolyzed in^^ 
formula I compounds per se. For example, in compounds of formula (I), prodrugs 
comprise compounds whmin the upper ring substitnent -CO2R3 is a group that will 
25 hydrolyze in the body to compounds where said substituent is -CO2H. Such prodrags 
are preferably administered orally since hydrolysis in many instances occurs 
principally under the influence of the digestive enzymes. Parenteral administration 
may be used where the ester per se is active, or in those instances where hydrolysis 
occurs in the blood. Examples of physiologically hydrolyzable esters of compounds 
30 of formula I include Cj^alkylbenzyl, 4-methoxybenzyl, indanyl, phthalyl, 
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methoxymethyl, Cj^alkanoyloxy-Cj^alkyl, eg. acetoxymethyl, piyaloyloxymethyl or 
propionyioxymethyl, Cj.galkoxycarbonyloxy-C,^jalkyl, e.g, methoxycarbonyl- 
oxymethyl or ethoxycaibonyloxymethyl, glycyloxymethyl, phenylglycyloxymethyl, 
(5-methyl-2-oxo-l,3-dioxolen-4-yl)-methyl and othar well known physiologically 
5 hydiolyzable esteis used, for example^ in the penicillin and cephalosporin arts. Such 
est^ may be prepared by conventional techniques known in the art. 

Compounds of fonnula I and salts thereof may exist in their tautomeric form, 
in which hydrogen atoms are transposed to other parts of the molecules and the 
chemical bonds between the atoms of the molecules are consequaitly rearranged. It 

0 should be understood that the all tautomeric forms, insofar as they may exist, are 
included within the invention. Additionally, inventive compounds may have trans 
and cis isomers and may contain one or more chiral centers, therefoie existing in 
enantiomeric and diastereomeric forms. The invention includes all such isomers, as 
well as mixtures of cis and tr£ms isomers, mixtures of diasteieomers and racemic 

5 mixtuies of enantiomers (optical isomers). When no specific mention is made of the 
configuration (cis, trans or R or S) of a conqpound (or of an asymmetric carbon), then 
anyoneof the isomers or a mixture of more than one isomer is intended. The 
processes for preparation can use racemates, enantiomers or diastereomers as starting* 
materials. When ^antiomoic or diastereomeric products are prepared, they can be 

D separated by conventional methods for example, chromatographic or firactional 
crystallization. 

'- Thejcompoimdsjoftheinstant inventionmay example, be in the fiee or 

hydrate form, and may be obtained by methods exenq)lified by the following 
descriptions. 

5 

Preferred Compounds 

Pteferred compounds are those having the formula (I), 
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W 




C02R3 



(I) 



and phannaceutically--acceptable salts, prodrugs, or solvates thereof, in which: 
W is selected from -C(=0)NR4R5, -OR^, optionally-substituted heterocycle, 
substituted alkyl, alkenyl, and substituted alkenyl; 
5 ring B is phenyl; 

X2 is N, CH, or C, provided that X2 is C when Ri and join to form a folly 
unsaturated ring; 

Lis-(CH2).-Y-; 

Y is selected from -C(=0), -NH-C(=0)-, ^ra-CH2-, and -CH2-CH2-; 
10 Z is selected from 





15 



and 
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Ri and R2 (i) are indq>endently sdected jfrom hydrogen, lower alkyl, aryl and 
arylalkyl; or (ii) are taken together to form^an aryl, heteroaryl, cycloalkyi, or 
het^ocyclo; wherein when Ri and R2 indi viduaUy or together foma a heteroaryl, 
aryl, heterocycio or cycloalkyi, said cyclic group is optionally substituted with up 
5 totwaR26; 

R3 is hydrogra, alkyl^ substituted alkyl, or alkyl substituted with -OC(=0)R24 or - 

OC(=0)OR24, wherem R24 is alkyl, substituted alkyl, or cycloalkyi; 
R4 is hydrogeaa or lower alkyl; 

R5 is hydrogen, alkyl, substituted alkyl, alkenyl, substituted alkenyl, heterocycio or 
10 heteroaryl; 

R6 is selected from Ci-^alkyl, more preferably C2-6alkyl, phenyl, and benzyl; 

Rs and R26 (i) are at each occurrence independently selected from hydrogen, OR30, 
NR31R32, alkyl, alkenyl, substituted alkyl, substituted alkenyl, halogen, haloalkyl, 
haloalkoxy, cyano, nitro, alkylthio, -C(=:0)H, acyl, -CO2H, alkoxycarbonyl, 
15 sulfonamido, sulfonyl, and phenyl, or (ii) two of R3 and/or two of R26 naay be 
taken togeth^ to form a fused benzo ring, a fused heteroaryl, or a fused 
heterocycio other than a five or six membered heterocycio having as its 
heteroatonos two oxygon atoms, provided further that when two R26 form a fused 
benzo ring, then Z is not phenyl substituted in the para position with cyano or a 
20 five-memberedheterocycle or heteroaryl; 

R20 and R21 are independently selected from hydrogen, halogen, -C(=0)NH2, 

-C(=:0)CMalkyl, -NH2, -NHCMalkyl, ~S-CMalkyl, -O-Cj^alkyl, CMalkyl, Ci, 
4alkyl substituted with NH2» and five or six membered heterocycio or heteroaryl; 

R30 at each occurrence is selected from hydrogen, alkyl, substituted alkyl, alkenyl, 
25 substituted alkrayl, cycloalkyi, and phenyl; 

R31 and R32 at each occurrence are independently selected from hydrogen, alkyl, 
substituted alkyl, alkenyl, substituted alkenyl, and cyclosdkyl; 

m andnareindepradentlyO, 1 or 2; and 

{■ 

jisO, 1 or 2. 

30 
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la compounds of fonnuIaX the group W is preferably --C(=0)NR4R5 and the 
groups 2rL- taken together are preferably selected from: 

H H ^ 




More preferred compounds are those Qompounds having the formulae: 




10 in which: 

XaisCHorN; 

R3 is hydrogen, lower alkyl, or lower alkyl substituted with one of OC(=0)R24 and 
OC(=0)C)-R24, wherein R24 is alkyl or cyclpalkyl; 
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R4 is hydrogen or lower alkyl; 

Rsis Ci.6alkyl, -<:H(CH20H)C(CH3)3, or Ci-aalkyl substituted with C5. 
ecycloalkylene; 

either (a) s is 0 and Z is selected fiiom 



5 




(b) s is 1 and Z is selected from 



10 




R26 is C2:^traight or branched alkenyl, -OR30 or -MRaiRsa, and R27 is hydrogen, or 
R26 and R27 together form a fused b^izo ling; 

R30 is C1.5 straight or branched chain alkyl, Ca^traigjit or branched alkenyl, C3- 
15 scycloalkyl, or Cm straight or branched chain alkyl substituted with one to two of 
halogen, lower alkoXy, and Ca-scycloalkyl; 

R31 and R32 are selected from hydrogra and lower alkyl. 
Most prefened. are compounds having the formula: 
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in which 

R3 is hydrogen, lower alkyl, or lower alkyl substituted with -OC(=0)R24 or - 
OC(==0)OR24, whereia R24 is alkyl or cyclbalkyl; 

5 Z is selected from: 



R25 is hydrogen or hydroxymethyl; and 
10 R26 is CKsalkoxy or NH(Ci.4alkyl), 



Methods of Preparation 

The compounds of the invention may be prepared by the exemplary 
^processes described in the following Schemes A through D. Methods for making 
15 intermediates including appropriately-protected amine-coupling components are 
shown in Schemes E through G and I through X, and Scheme H shows a method for 
making an unprotected amine-coupling component These amines may be coupled to 
substrates to make compounds of formula I and deprotected, whm necessary or 
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desired, as shown in Schemes A-D and the Examples. Exemplary reagents and 
procedures for these reactions appear hereinafter and in the woiking Examples. 
Starting materials are commercially available or can be readily prepared by one of 
ordinary skiUm the ait as shown herein or as described in the Ut^rature. Forallofthe 
5 schemes, the groups R1-R27, W, X, 2^ r, ^ etc,, are as described herein for a compoimd 
of forinula I, unless otherwise indicated. 



SCHEME A 




1 

10 Compounds of formula fa can be xnade by reacting acid i with an amine 

having the desked group Z, i.€.,2^-NHRi3. The 2-position acid group is suitably 
protected (P*), and the reaction is carried out in the presence of coupling reagent(s) 
such as DCC/HOBT/DMAP, EDC/DMAP, or DIC/HOAT to afford the corresponding 
anaide compound. The group P' optionally may be deprotected to afford the 
15 compound of formula fa wherein R3 is hydiog^, or the group P* may be retained 

wherein P' comprises the desired group R^ , Alternativel y, the group Fmayjbe 

d^rotected to afford the group CQzH, with the group COiH then conv^ted to anotfa^ 
desiried R3 group. To illustrate, the compound having the acid group CO2H may be 
reacted with a halide having the desired R3 group, i e. , X-R3 wh^e X is CI, Br, or I, in 
20 the presence of base, or the add compound may be coupled with an alcohol such as 
R3OH in a coupling reagCTt. It may be necessary or desired to protect additional 
functional groups besides tide 2-position acid before performing the coupling reaction, 
as one skilled in the field will appreciate. ITiose additional protecting groups can be 
removed after the coupling using appropriate deprotecting conditions. Preparation of 
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acids 1, wherein Ri and R2 together form an unsaturated carbocyclic or heterocyclic 
ring, is described in WO 99/041231, incorporated herein by reference, and described 
in the Examples that appear hereinafter. 




Similar to Scheme A, the aldehyde 2, wherein the 2-position acid group is 
suitably protected (P*), can be coupled with an amine Z-NfHRn in the presence of a 
reducing reagent such as sodium triacetoxyborohydride, to afford the corresponding 

10 amine compound having the group CO2P'. Upon optional deprotection of the group 
P', and optionally further reaction with, for example, a halide X-R3 or alcohol R3OH 
as described in Scheme A, the compound of formula lb is provided, having the 
desired group R3. Also as in Scheme A, it may be necessary or desired to protect 
additional functional groups besides the 2-position acid before performing the 

15 coupling reaction. Those additional protecting groups can be rraioved using 

appropriate deprotectm^g conditions— Pr^aration of alddiydes-2rwher^ 

tog^faer form an unsaturated caiix)cyclic or heterocyclic ring, is described in WO 
99/041231, incorporated herein, and further shown in the Examples hereinafter. 

SCHEME C 

20 



-26- 



wo 02/42273 



PCTAJSOl/46884 




'CO2P' 




OTf 



3b 




DI£A,0MSO, 
10»>150degC 




Pd reagent 




sdective 

deprotectlon 

ofP* 




Q>^NR4R5 



1. Z-<CRisR]9)/mRi3, coupling reagent(s) 



COsRa 



2. DeproCcctioii 




CO2P' 



Aryl fluoride 3a is reacted with amine 4 in DMSO in the presaice of a base 
such as DBSA to aflford intermediate 5. Alternatively, triflate 3b is reacted with amine 
4 in the presence of a suitable palladium reagmt to affoid intennediate 5. Selective 



deprotectlon of the P" group of compound 5 affords acid 6. Add 6 is reacted with an 
10 appropriate amine in the presence of suitable coupling regents. Compounds having 
the desired group R3 aie obtained as described in Scheme A, ie., by optional , 
dqprotection, further reaction or coupUng, to afford compounds of formula jto, above. 

SCHEMED 



15 
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Aryl fluoride 3a is reacted with amine 7 in DMSO in the presence of a base 
such as DIEA to afford compound 8, where Ri is defined as above except where Ri 
5 and R2 form a ring, the ring is a h^rocyclo. Selective deprotection of the P** group 
affords acid 9. Reaction of acid 9 with an amine Z-NHR13 in the presence of coupling 
rcagent(s) such as DCC/HOBT/DMAP, EDCTDMAP, or DIC/HOAT affords the 
corresponding amide compound. Compounds having the desired group R3 are 
obtained as described in Scheme A, Le.^ by optional deprotection, further reaction or 
10 coupling, to afford compounds of formula Db, above. 
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Cdiqpound 10 was prepared according to LMedChem. . Vol. 42 (1999), at 
pp. 3510-3519, i&om 2-mefliyl-4-nitroaiuluie. A mixture of compound 10 and 1-(1,1- 
10 dimetbyleliioxy)-N JJ, N', N -tetramethyl-medianediamine in dry DMF (10 mL) was 
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Stirred at 70^C for 2h under Na* After cooling to rt, the reaction mixture was treiated 
with hexane, and the.solid was collected by filtration and washed with hexane to give 
conopound 11 as black crystals. Compound 11 was converted to compound 13 in two 
alternate ways. 

5 III one approach, compound H was converted to 13 by adding IN LiHMDS to 

a solution of U in dry THF under N2. The reaction mixture was stirred at 65 ®C for 2 
h. Afla* cooling to rt, 12 N HQ was added and the reacticm mixture stirred at 5(fC 
for Ih. After cooling to rt, the mixture was neutralized with satM NaHCOs, the 
product extracted with EtOAc, and the organic layer washed with water and sat'd 
NaQ. Hie product was concentrated and purified to give compound 13 as a yellow 
solid. 

Alternatively, compound H was converted to 13 by first mixing compound H 
and 2,4-diinethoxylbenzylamine in DMF and stirring the mixture at 140^C for 3h. 
The solvent was removed by vacuum distillation and residue treated with EtOAc. Tlie 
orange solid was collected by filtration and washed with hexane to give compound 12. 
To a solution of compound 12 in anisole was added TFA. The reaction mixture was 
stirred at 90**C for Ih and the solvait removed under reduced pressure. The residue 
was treated with sA'd NaHCQs (30 mL) and the product collected by filtration and 
washed with water to afford compound 13. 

Con^und 13 (366 mg, 1.93 mmol) and 2,4-diinethoxyben2aldehyde were 
heated for 16 h at 125-130''C with a stream of nitrogen passing in and out of the 
reaction flask, and samplmg of the reaction mixture at SG^C indicated conversion to 
compound 14. 

To a solution of 14 and 2,4-dimethoxybenzaldehyde above in THF was added 
sodium triacetoxyborohydride. The reaction was stirred for 22 h and additional 
sodium triacetoxyborohydride (1.23g, 5.8 mmol) was added. After 40 h, the reaction 
was concentrated to an oil which was taken up in EtOAc, wat^, and dilute sodium 
bicaibonate. The EtOAc was washed wifli water (3x), dried (sodium sulfate), and 
concentrated to an oily residue, which was chromatographed to give 140 mg of 
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compound 15a as a glassy residue and 228 mg of compound 15b as an amorphous 
solid. 

Hydrogenadon of compound 15b in EtOAc and MeOH in the presence 10% 
Pd/C for 1 h at one atmosphere afforded compound 16 as an amorphous solid. 
5 Compound 16 was coupled to a substrate and deprotected to produce compounds of 
formula L 

SCHEMEF 




A mixture of compound 13 and di-/-butyl dicarbonate in dry THF was refluxed 
under N2 for 3h. The mixture was concentrated and the residue purified by flash 
chromatography eluting with EtOAc/Hexane (1 :3) to give compound 17 as a white 
15 solid Con^)ound 12 and Pd/C (10 %) in MeOH /dioxane was hydrogenated (balloon 
with H2) for 3.5 h. Filtration and concentration yielded 18 as a brown foam (59 mg, 
83%), which was used in Examples hereinafter as a protected amine^coupling 
component to make compounds of formula L 
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SCHEME 6 




H3C0 

5 Compound 20 was synthesized from compound 19 following the procedure 

described in Osbom, et al, J.ChenL Soc. (1956), at 4191, and compounds 21a and 
21b wea:e prepared according to Poradowska et al.. Synthesis. (1975), at p. 732. 
€omi>ound 21a and phtbalic add anhydride 21 were powdered and mbced well. 
Heating the mixture for 2 h at 130 to 150°C and finally 2 rnin to 220**C finished the 
10 leactioit The cooled solid material of crude compound 23 was powdered and washed 
with eth^/DCM (10:1) and dried yielding compound ^ as a bdge powder. 

Compound 23 and MCPA (Aldrich,-- 77%) were dissolved in DCE and stirred 
for 24 h. The resulting suspension was diluted with 50 inl ether and the crude product 
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filtered, washed with ether, dried and purified to yield compound 24 as a light yellow 
powder. Compound 24 and PCX:i3 were heated for 12 h to 90**C. Excess POCI3 was 
removed m vacuo and the residue stined with ice water /DCM for 10 min. The 
organic layer was dried over Na2S04 and concentrated. The oily residue was purified 
5 to yield compound 25. POCI3 was removed by dissolving the materi al in DCM and 
stirring with N -diisopropylaminomethyl polystyroL Filtration, concentration, and 
purification gave compound 25 as off-white needlds 

Compound 25 and N-methylhydrazine were stirred in DCM to produce 
compound 26, Compound 26 and 2,4-dunethoxybenzylaiiiine were heated to 1 10 to 
10 120'^C and stirred to produce an oDy crude material which was purified to give 
protected amine-coupling component 27 as a beige foam. 

SCEDBMEH 



15 




Compound 26 fix)m Scheme G and condensed N-methylamine were heated to 
100°C for 24 h. Cooling, removal of the excess N-methylamine, and purification 
gave unprotected amine-coupling component 28 as ari off-white solid. 

20 
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SCHEME! 




30 a 

" 31 



NH2NHCH3 




H3C0 



Following the procedure described in Scheme G, compound 29 was prepared 
5 from compound 19 and phthalic add anhydride 72^ compound 30 was prepared from 

compound 29 and MCPA; compound 31 was pre pared from 30 and POG a; 

conq}ound 32 was prepared from compound 31 and methylhydxazine; and protected 
amine-coupling component 33 was prq>ared from 32 and dimetfaoxybenzylamine. 
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SCHEME! 



NH-Cbz MeOH 



^NHa BuOH 



34 35 



A 



Tl \V_Muni„ Zn "''"V^'^v 

-NHCbz 

AcOH 

26 37 



5 Compound 34 and bis-protected isothiounea 35 were suspended in MeOH and 

refluxed for 5 days. After the second day, n-BuOH was added and CH3SH blown out 
with N2. The reflux teroperature was set to lOO^C After 3 more days rcfluxing, 
compound 36 crystallized and the reaction was completed. The mixture was cooled to 
50**C, ffltered, and the gray filter cake was washed with MeOH and recrystallized 
10 firom DMF/MeOH to give conqK)und 36 in the form of grey fine c^tals. 

Compound36 was suspended in AcOH with stining. Zn powdar was added. 
After 1 hr, the reaction mixture was filt^ed, the filtrate concentrated, water was 
added, and then filtration, washing of the filter residue, and drying gave Cbz- 
protected amine coupling compon^t 37 as a purple powder. 

15 
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SCHEMER 



(Boc)20 



'2 




39 



12 hr 

(100%) ^ 



Cyanogen bromide was added to a flask charged with conq)Ound 34» water and 
5 EtOH. After 12 h, the reaction mixture was filtered, the filttate was basified to pH=9 
using cone. NHLjOH, the solution was cone, to one third volume, and H2O was added. 
Afta: 1 h at 4®C, the solid was fiDitered and dried under vacuum to give compound 38. 

A solution of Boc iinhydride in THF was added to a cold (O^Q solution of 
con^und 38 in IHF (90 mL). DMAP was added, and the reaction mixture was 
10 stirred at rt After 30 min, the solution was concentrated, the residue was dissolved in 
DCM, and then the solution was washed wifli 2% aq. NH4CI and sat NaQ, dried 
(MgS04), and cone, to give compound 39. 

MeOH and EtGAc (3:1) was added to compound 39. 10% Pd/C was added 
and aH2 atmosphere introduced via balloon. After 12 h, the reaction mixture was 
15 filtered, the filtrate was cone, and the residue was placed under vacuum to give Boc- 



protected amine coiq>Iing con^nent 40. 
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SCHEME L 




—5 Gompoimd^l-wasdissoWedinpy^^ 

acetic add anhydride was added over 1 5 min. Stirring continued for 24 L The 
product was concentrated in vacuo and the resulting oil taken up with DCM/water. 
The pH was adjusted to 3.0 with citric acid. Hie phases were separated and the 
aqueous layer washed two more times with 50 ml DCM each time. The combined 

10 organic layer was washed with brine, dried 0dgSO4), and concentrated to give 
compound^. 

Q>nq)ound 42 and GDI were dissolved in 40 ml THF. After 30 min stining, 
the solution was slowly added at (fC to 150 ml sat'd sotation of NH3 gas in THF. 
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After stirring for 24 h at rt, the reaction mixture was filtered and the filtrate 
concentrated. The oily residue was dissolved in 30 ml MeOH from which after several 
minutes 43a crystallized. The mother liquor contained a mixture of 43a and 43b , 
• Refiuxing for 4 h in the presense of TosOH led to a complete cyclizsation of 43b to 
5 43a. 

Compound 43a and 760 mg (1 .90 mM) Laweson reagent were suspended in 
70 ml xylene and refluxed at lAO^C for 3 h. After cooling to rt, compound 44 
crystallized out of the solution. 

Compound 44 and 3 mll.O N NaOH were dissolved in IS ml DMF. To the 
10 stirred solution was added 166 ul (3.10 mM)CH3L After 5 min, compound 45 

crystallized, 5Qml water/EtOAc was added, and the aq. layer was extracted two tunes 
with 20 ml EtOAc. The combined organic phase was washed with brine, dried 
(Na2S04), and the product 45 concentrated and purified. 

15 Compound 45 and 2,4-dimethoxybenzylamine were dissolved in 10 ml toluene 

and lefluxed for 2.5 h. After adding 30 ml ether to the cooled solution, filtration and 
drying, compound 46 was obtained as yellow crystals. 

Compound 46 was dissolved in 10ml AcOH and while stirring, 200 mg 
(3.06mM) Zn powder was added. After 30 min, filtered fiom »cess Zn , washed with 

20 5ml AcOH, and concentrated in vacuo yield an oily residue of crude 27 AcOH salt 
This material was taken up with 20 ml water and the pH adjusted to 10 with NaiCOa 
solution, followed by extraction 3 times with 15ml EtOAc. The combined organic 

^layer was washed with brinerdried (Na2S04)rand conc»trated-yidd^^^ 

anune-<:oupl]ngcomp<Hient47inthefonnof awhitefoamyinaterial. / 

25 
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SCHEME M 




(e.g.48) 50 



5 NitFO and carboxylic add staitmg materials {e.g. 48) weie dissolved in DCM 

and NJ^-DMF (10:1), IJ'-caibonyldiiinidazole (L2 equiv) was added, and tbe 
reaction stirred at It for 5 1l Ammonium hydroxide (2 equiv) was then added. After 
stirring overnight at rt, the reaction was concentrated, washed with base and extracted 
with EtOAc to yield compound 49. Compound 4g was then hydiogenated at 40 psi 

10 on the PARR shak^ in the presence of Pd/C catalyst Filtration and concentration 
yielded the appropriate Z-amine coupling component 50. This same or similar 
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To a solution of compound 51 in 20 dqL of pyridine was added toluenesulfonyl 
chloride. The solution was stirred for 18h at SO'^C and cooled to rt and concentrated. 
The precipitate was taken up with water, filtered, and washed with water. The solid 
was then crystallized from EtOAc to give compound 52. as white needle crystals. 

To a solution of compound 52 in 20 mL of NJN-DMF was added 0.79 g (6.1 
mmol) of DIPEAand 1.13 g (6.1 mmol) of iodoacetamide at rt. The solution was 
stirred for 2i4 h and then poured into 100 mL of watCT and stirred for 1 h. The solid 
was collected and dried under vacuum to yield compound 53- Compound 53 was 
taken up with 20 mL DCM and 1.2 g (6.1 mmol) of trifluoroacetic anhydride was 
added at rt The resulting solution was stirred for 5 h at rt and concentrated. The 
residue was taken up with EtOAc and washed with saturated sodium bicarbonate. 
The organic layer was dried over MgS04 and concentrated to give compound 54 as a 
white solid. MS, m/z (M+l)"*^ = 289. 

The resulting compound 54 was dissolved in EtOAc and Pd/C catalyst was 
added. The mixture was placed on the PARR shaker at 40 psi for 2h. Filtering off the 
catalyst yielded the desired compound 55 in 80% yield. 
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SCHEMED 




59 60 



To a solution of 4-bromo-3-fluorotoluene (2.0 g, 10.58 mmol) in CCI4 (4.0 ml) 
at RT was added NBS (2.0g). The reaction was heated to leflux and benzoylperoxide 
(128 mg, 0^3 mmol) was added three thnes (totd 384 mg) in 30 minute intervals. 

10 — The reaction was cooled to RTxdiluted with IXM^( 

NaHCC}3 (2x). Hie organics were dried over MgS04, filtaed and concentrated to 
isolated 56 (2.8 g crade). 

To a solution of comqpound 56 (2.8 g, -10.4 mmol) in DMF (45 ml) under 
nitrogen at RT was added BOC2NH (3.4 g, 15.7 mmol) followed by KOtBu (1.76g. 

15' 15.7 mmol). Afteramildexothenn, the reaction was stirred at rt for 72 hr. TTie 
reaction was diluted witii EtOAc (200 ml) and washed with IN HCl, water, sat 
NaHCOa and brine. Organics were dried over MgS04, filtered and conceiitrated; 
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Purification by flash chromatography (silica gel, 2%-15% EtOAc in hexane) provided 
compound 57 (1.56g). MS (M-fNa>f = 426, 428 (Br isotopic pattern). 

To a solution of 57 (U6g, 3.84 mmol) in nitrogen degassed DMF (1% water, 
20 ml) was added Pd(dba)3 (703 mg, 0.077 mmol), DPPF (95.9 mg, 0.173 nmiol) and 
5 Zn(CN)2 (315 mg, 2.69 mmol). The reaction mixture was degassed with nitrogra for 
30 minutes, sealed and heated at 1 10 for 20 hours. The reaction was dihited with 
EtOAc (100 ml) and filtered through a plug of celite which was then washed with 
EtOAc (2x50 ml). The eluent was then placed in a separatory funnel and washed with 
water (3x 150 ml). Hie water layers were back extracted in the order generated. The 

10 combined EtOAc extracts were dried over MgS04, filtered and concentrated. 

Purification by flash chromatogrj^hy (silica gel, 0 to 15% EtOAc in hexane) provided 
58a (OJlg) and 58b (0.45 g). 

To a solution of acetohydroxamic acid (135 mg, 1.8 mmol) in DMF (5 ml) at 
RT was added KOtBu (l.OM THF, 1.8 ml, 1.8 mmol). A gelatmous susp^ion 

15 formed which was aggitated until well mixed. The suspension was allowed to set at 
RT for 5 minutes and then a solution of 58b (450 mg, 1.8 mmol) in DMF (15 ml) was 
added. The reaction was aggitated at RT for 20 hours. The reaction mixture was then 
diluted with EtOAc (150 ml) and washed with water (2x) and brine (Ix). The 
organics were dried over MgS04, filtered, and concentrated. Crystallization fi^ona 

20 . CH2CI2 /hexane gave compound 59 (240 mg). MS (M+H)+ = 264 

Compound 59 (240 mg) was treated with 10%TFA/CH2Cl2 (5 ml) at RT for 3 
hours. Solvents were remo ved and the residue was taken up with MeOH and added to 
a plug of Dowex 50W-X2 (H form, 10 g) resin. The resin captured amine was 
washed with MeOH, DCM and CH3CN. Elution with 2M NH3 in MeOH (60 

25 foUowed by concratration gave Z-amine coupling coniponent 60. (170 mg). 
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SCHEME? 




61a 61b 62 



5 To a solution of S-amino-S-nitrobeozisoxazole (200 mg, 1,12 mmol, lit 

WO/0027627) in DCM (5 ml) was added BOC2O (536 mg. 2.46 mmol) foUowed by 
DMAP(20mg). The reaction mixture was stirred overnight Solvit was removed 
and purification by flash chromatography (silica gel, CHojCh. ) gave a nuxtmie of 
con:q)omids 61a and gib (350 mg combined). 

10 

The mixture of 61a and §]b (307 mg combined) was taken up in EtOH (10 ml) 
and treated with SnCl2.2H20 (751 mg). 'nieieactionwasheateato7(f Cfor 1.5 
hours. Hie reaction was diluted with EtOAc (75 ml), water (50 ml) and sat NaHCOa 
(25 ml). The layers were mixed and allowed to separate. TTie organic layer was dried 
15 over MgS04, filtered, and concentrated. Purification by RP Prep HPLC provided 
BOC-protectedamine-coupIing component 62. (101 mg). MS (M+H)+ = 250. 

Utilitv 

The inventive compounds are inhibitors of the activated coagulation serine 
^0 proteases known as Factor Vila, Factor Ka, Factor Xa, Factor XIa, and tiirombin and 
also inhibit other serine proteases, such as trypsin, tryptase, and urokinase. TTius, the 
compounds are useful for treating or preventing those processes, which involve the 
production or action of Factor Vila, Factor Ka, Factor Xa, Factor XIa, thrombin, 
. trypsin, and/or tryptase. In view oftheiruroldnaseinUbitbry activity, they are useful 
25 as metastasis inhibitors in tieatmg cancer. As used herein with reference to the 

utilities described below, the tain *^treating** or "treatment** encompasses prevention, 
partial alleviation, or cure of the disease or disorder. 
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In view of their above-referenced serine protease inhibitory activity, the 
inventive compounds are useful in treating consequences of atherosclerotic plaque 
rupture including cardiovascular diseases associated with the activation of the 
coagulation cascade in thrombotic or thrombophilic states. Such diseases include 
5 arterial, thrombosis, coronary artery disease, acute coronary syndromes, myocardial 
infarction, unstable angina, ischemia resulting £rom vascular occlusion c^:ebral 
infarction, stroke and related cerebral vascular diseases (including cerebrovascular 
accident and transient ischemic attack). Additionally, the compounds are useful in 
treating or preventing formation of atherosclerotic plaques, transplant athooscleiosis, 
10 peripheral arterial disease and intermittent claudication. In addition, the compoimds 
can be used to prevent restenosis following arterial injury induced endogenously (by 
rupture of an atherosclerotic plaque), or exogenously (by invasive cardiological 
procedures such as vessel wall injury resulting firom angioplasty). 

In addition, the inventive conq)ounds are useful in prcvmtiiig v^ous 
15 thrombosis, coagulation syndromes, deep vein thrombosis (DVT), disseminated 
intravascular coaguI(^athy, Kasabach-Merritt syndrojoie* pulmonary embolism, 
cerebral tlunombosis, atrial fibrillation, and cerebral embolism. The conqx>unds are 
useful in treating peripheral arterial occlusion, thromboembolic conq>lications of 
surgery (such as hip replacement, endarterectomy, introduction of artificial heart 
20 valves, vascular grafts, and mechanical organs), implantation or transplantation of 
organ, ti&suQ or cells, and thromboembolic compHcations of medications (such as oral 
contraceptives, hormone replacemeait, and hqparin, e.^., for treating heparin-induced 
thrombocytopenia). The inventive compounds are useful in preventing thrombosis 
associated with artificial heart valves, stents, and ventricular enlargement including 
dila^ cardiac myopathy and heart failure. The compounds are also useful in treating 
thrombosis due to confinement (Le, immobilization, hospitalization, bed rest etc). 

These compounds are also useful in preventing thrombosis and 
complications in patients g^etically predisposed to arterial thrombosis or venous 
thrombosis (including activated protem C resistance, FViddcn, Prothrombm 20210, 
elevated coagulation factors FVn, FVm, FIX, FX, EXI, prothrombin, TAH and 
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fibrinogen), elevated levels of homocystine, and deficient levels of antithrombin,. 
protein C, and protein S. The inventive compounds may be used for treating heparin- 
intolerant patients, including those with congenital and acquired antithrombin m 
deficiencies, heparin-induced thrombocytopenia, and those.mth high levels of 
• 5 polymorphonuclear granulocyte elastase. 

The present compounds may also be used to inhibit blood coagulation in 
connection with the preparation, storage, fi:actionation, or use of whole blood. For 
example, the compounds may be used to maintain whole and firactionated blood in the 
fluid phase such as required for analytical and biological testing, eg., for ex vivo 

10 platelet and other cell fimdtion studies, bioanalytical procedures, and quantitation of 
blood-containing components. The compounds may be used as anticoagulants in 
extracorpeal blood circuits, such as those necessary in dialysis and surgery (such as 
coroiiary artery bypass surgery);.for maintaining blood vessel patency in patij^ts 
: undergoing transliuninal coronary angioplasty, vascular surgery including bypass 

15 grafting, arterial reconstruction, atherectomy, vascular graft and stent pat^cy, tumor 
cell metastasis, and organ, tissue, or cell implantation and transplantation. 

In view of their tryptase inhibitory activity, the inventive compounds are 
useful as anti-inflammatory agents, in treating chronic asthma, allergic fhioitis, 
inflammatory bowel disease, psoriasis, conjunctivitis, atopic domatitis, pancreatis, 

20 Theumatoid arthritis, osteoarthritis, septic shock, and chronic inflammatory joint 
diseases, diseases of joint cartilage destruction, and/or vascular damage due to 

^bacteriai-ahd/or-viral-infections— AdditionaUy,-ibeinY»tivecoii^)ow 

useful for treating diabetic retinopathy or motor neuron diseases such as amyotrophic 
lateral sclerosis, progressive muscular atrophy, and pnmary lateral sclmsis. 

25 Additionally, the inventive compounds may be useful for tissue remodeling diseases 
and for treating plaque instability and sequelli. In addition, these compounds may be 
useful for treating fibrotic diseases and conditions, for example, fibrosis, scleroderma, 
pulmonary fibrosis, liver cirrhosis, myocardial fibrosis, neurofibromas, and 
hypertrophic scars. 
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Id addition, the compounds of the present invention are usefiil in treating . 
cancer and preventing die prothrombotic complications of cancer. In view of their 
metastasis inhibition activity, the compounds are useful in treating txxmor growth, as 
an adjunct to chemotherapy, and for treating diseases involving metastases including, 
5 but not limited to cancer, more particularly, canc^ of the lung, prostate, colon, breast, . 
ovaries, and bone. These compounds may also be usefid in preventing angiogenesis. 

The inventive compounds may also be used in combination with other 
antithrombotic or anticoagulant drugs such as thrombin inhibitors, platelet 
aggregation inhibitors such as aspirin, clopidogrel, ticlopidine or CS-747, warfarin, 
10 low molecular weight heparins (such as LOVENOJQ, GPHb/GPIIIa blockers, PAM 
inhibitors such as XR-330 and T-686, iiihibitors of a~2-antiplasmin such as anti-a-2- 
antiplasmin antibody and thromboxane receptor antagonists (such as ifetroban), 
prostacyclin mimetics, phosphodiesterase (PDE) inhibitors, such as dipyridamole or 
dlostazol, PDE inhibitors in combination widi thromboxane receptor 
15 antagonists/thromboxane A synthetase inhibitors (such as picotamide), serotonin-2- 
receptor antagonists (such as ketanserin), fibrinogen receptor antagonists, 
hypolipidemic agents, such as HMG-CoA reductase inhibitors, cg.^ pravastatin, 
simvastatin, atorvastatin, fluvastatin, cerivastatin, AZ4522, itavastatin ^issan/Kowa), 
and compounds disclosed in U.S. provisional applications No. 60/21 1,594 fiDied June 
20 15, 2000, and No. 60/21 1,595 filed June 15, 2000; microsomal triglyceride transport 
protein inhibitors (such as disclosed in U.S. Patent Nos. 5,739,135, 5,712,279 and 
5,760,246),.antihypertensive agents such as angiotensmrc^ 
(e.£., cs^topril, lisinopril or fosinopril); angiotensin-II recqptor antagonists (e.^., 
irbesaitan, losartan or valsartan); and/or ACE/NEP inhibitors (e.;., on[uq>at[ilat and 
25 gemppatrilat); p-block^ (such as propranolol, nadolol and carvedilol), PDE 
inhibitors in combination with aspirin, ifetroban, picotamide, ketanserin, or 
clopidogrd and the like. The inventive compounds are also useful in combination 
with anti-anhythmic agents such as for atrial fibrillation, for example, amiodaione or 
dofedJide. 
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The inventive compounds may be used in combination with prothrombolytic 
argents, such as tissue plasminogen activator (natural or recombinant), streptokinase, 
leteplase^ activase, lanoteplase^ uiokinase» prourbkinase, aoisolated strq)to]dnase 
plasminogen activator complex (ASPAC), animal salivary gland plasminogen 
5 activators, and the like. 

The inventive compounds may also be used in combination with P-adrenergic 
agonists such as albuterol, terbutaline, formoterol, salmeterol, bitolterol, pilbuterol, or 
fenoterol; anticholinergics such as ipratropium bromide; anti-inflammatory 
cortiocosteroids such as beclomethasoue, trianicinolone, budesonide, fluticasone^ 
10 flunisolide or dexamethasone; and anti-inflanomatory agents such as cromolyn, 
nedocromil, theophylline, zileuton, zafirlukast, monteleukast and pranleukast 

Hie inventive conopounds may also be useful in combination with other 
anticancer strategies and chemotherapies siicb as taxol and/or cisplatin. 

Hie compounds may act synergistically with one or more of the above agents. 
15 For example, the inventive compounds may act synergistically with the above agents 
to prevent reocclusion following a successful thrombolytic therapy and/or reduce the ^ 
time to reperfiision. Thus, reduced doses of thrombolytic agent(s) may be used, 
therefore minimizing potratial hemorrhagic side effects. 

The compounds of formula I may be administered by any means suitable for 
20 the condition to be treated, which may depend on the need for site^specific treatment 
or quantity of drug to be delivered. Systematic treatment is typically preferred for 



cancerous conditions, although other modes of delivery are contemplated The 
compounds may be ddivered orally, such as in the form of tablets, capsules, granules, 
powders, or liquid formulations including syrups; sublingually; bucally; 
25 transdermally; parenterally, such as by subcutaneous, intravraous, intramuscular or 
intrastemal injection or infusion as stoile injectable aqueous or non-aqueous 
solutions or susp^isions); nasally such as by inhalation spray; rectally such as in the 
form of suppositories, or in the form of liposome particles. Dosage unit fonnulations 
containing non-toxic, pharmaceutically acceptable vdiicles or diluents maybe 
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administered. The compounds may be administered in a form suitable for immediate 
release or extended release. Immediate release or extended release may be achieved 
with suitable phannaceutical compositions or, particularly in the case of extended 
release, with devices such as subcutaneous implants or osmotic pumps. 

5 . Exemplary compositions for oral administration include suspensions which 

may contain, for example, micrbcrystalline cellulose for impaiting bulk, algmic acid 
or sodimn alginate as a susp^iding agent, methylcellxilose as a viscosity enhancer, and 
sweeteners or flavoring agents such as those known in the art; and immediate release 
tablets which may contain, for example, microcrystalline cellulose, dicalcium 

10 phosphate, starch, magnesium stearate and/or lactose and/or other excipients, binders, 
extends, disintegrants, dilu^ts and lubricants such as those known in the art. The 
invrative conqK)und$ may be orally delivered by sublingual and/or buccal 
administration, e.^ ., with molded, compressed, or fteeze-dried tablets. Ex^plary 
compositions may include fast-dissolving diluents such as mannitol, lactose, sucrose, 

15 and/or cydodextrins. Also included in such formulations may be high molecular 
weight excipi^ts such as celluloses (AVICELd)) or polyethylene glycols (PEG); an 
exdpient to aid mucosal adhesion such as hydroxypropyl cellulose (HPQ, 
hydroxypropyl methyl ceUulose (HPMQ, sodium carboxymethyl cellulose (SCMC), 
and/or maleic anhydride copolymer (e.g., GANTREZ®); and agents to control release 

20 such as polyacrylic copolymer (e.g, , CARBOPOL 934®). Lubricants, glidants, 

flavors, coloring agents and stabilizers inay also be added for ease of fabrication and 
use. 

Exemplary compositions for nasal aerosol or inhalation administration 
include solutions which may contain, for example, heazyl alcohol or other suitable 
25 pres^atives, absorption promote to enhance absorption and/or bioavailability, 
and/or other solubilizing or dispersing agents such as those known in the art 

Exemplary compositions for parenteral administration include injectable 
solutions or suspensions which may contain, for example, suitable non-toxic, 
parenterally acceptable diluents or solvents, such as mannitol, 1 ,3-butanediol, water. 
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Ringer's solution, an isotonic sodium chloride solution, or other suitable dispersing or 
wetting and suspending agmts, including synthetic mono- or diglycerides, and fatty 
acids, including oleic acid. 

Kcemplary compositions for rectal administration include suppositories which 
5 may contain, for example, suitable non-initating excipients, such as cocoa butter, 
synthetic glyceride esters or polyethylene glycols, which are solid at ordinary 
temperatures but liquefy and/or dissolve in the rectal cavity to release the drug. 

The effective amount of a compound of the present invention may be 
detemiined by one of ordinary skill in the art. The specific dose level and fiequency 

10 of dosage for any particular subject may vary and will, dep^d upon a variety of 
factors, including the activity of the specific compound employed, the metabolic 
stability and length of action of that compound, the species, age, body weight, general 
health, sex and diet of the subject, the mode and time of administration, rate of 
excretion, drug combination, and severity of the particular condition. An exemplary 

15 effective amoimt of compounds of formula I may be within the dosage range of about 
0 J to about 100 mg/kg, preferably about 0.2 to about 50 mg/kg and more preferably 
about 0.5 to about 25 mg/kg (or from about 1 to about 2500 mg, preferably j&om about 
5 to about 2000 mg) on a regimen in single or 2 to 4 divided daily doses. 

Enzvme Assays 

20 Compound was prepared as a 5 naM stock in DMSO, diluted further in DMSO 

and added directly to the assays. The DMSO concentration for all these studies was 
Jess than 1% and compared to DMSO vdiicle controls. 

Human Factor VHa was obtained from Enzyme Research Labs (Cat,# HFVIIA 
1640). Human recombinant tissue factor (INNOVIN from Dade Bebnng Cat.# 
25 B4212-100; '^20 ml vial'O was diluted with 8 ml of H2O per vial and dfluted further 
1 :30 into the 302 jil final assay volume. Tissue factor activated FVIIa enzymatic 
activity was measured in a buffer containing 150 mM NaQ, 5mM Caa2. 1 mM 
CHAPS and 1 mg/ml PEG 6000 (pH 7.4) with 1 nM FVIIa and lOO jiM D-He-Pro- 
Arg-AFC (Enzyme Systems Products, Km > 200 jiM) 0.66% DMSO. The assay (302 
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Jjj total volume) was incubated at RT for 2 hr prior to reading fluorometric signal (Bx 
405 / Em 535) using a Victor 2 (Wallac) fluorescent plate reader. . 

Hmnan Factor Ka (American Diagnostica # 449b) enzymatic activity was 
measured in a buffer containing 50 mM Tris, 100 mM CaCl2, 5 mM CaQa, 33% 
5 ethylene glycol at pH 7.5 using 96-well microtiter plates (Nunc # 439454): The 
enzyme was incubated with the inhibitor at RT for three minutes prior to starting the 
reaction with 500 uM Spectrozyme FIXa (American Diagnostica #299). The for 
this substrate is estimated by American Diagnostica to be 1.3 mM. Time dependent 
r Optical density change was followed at 405 nm using a kinetic microplate read 
10 (Molecular Devices Spectramax Plus) at RT. Enzyme activity m the presence of 
inhibitor was expressed as fraction of a DMSO^ntaining control and curve fit to the 
equation: activity = control activity/(l+[I|/IC5o) usmg Excel Fit. 

Human EXa (Calbiochem #233526) enzymatic activity was measured in a 
buffe containing 0.145 M NaQ, 0.005 M KCl, 1 mg/ml Polyethylene Glycol (PEG- 

15 8000), 0.030 M HEPES (pH 7.4) using 96-well microtiter plates (Nunc hnmuno 

#439454). The enzyme was incubated wifli tiie inhibitor at RT for three minutes prior 
to starting the reaction with 100 jiM S-2222 (phenyl-He-Glu-Gly-Arg-pNA, Kn,= 137 
^M). The Km for this and other substrates was detennined experimentally by 
measuring the enzyme activity at different substrate concentrations and curve fitting 

20 Uie data using Kaleidagraph V. Hme-dq)endent optical density change was followed 
at 405^ nm using a kinetic micioplate read^ (Molecular Devices UVmax) at RT. 

^Enzyme activity-inttie presence of^inhibitor-was^pre^^ 

contaming control and curve fit to the equation: activity = control activity/(l + 
m/lCso) using Excel Fit 

25 Recombinant urokinase (Abbott Labs, Abbokinase) was assayed in die same 

buffer as FXa, but the reactions were started with 1 00 |iM S-2444 (L-pyroGIu-Gly- 
Arg-pNA, iQn = 3 1 jiM). Human a-4hrombin (Sigma) was measured as for FXa 
except that the reaction was started with 10 {iM S-2238 0>Phe-Pip-Arg-pNA, Km == 
2.54 pM). 
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Human FXIa assay (Enzyme Research Labs) was measured as for FXa except 
that the reaction was started with 100 \M S-2366 (L-pyroGlu-Pro-Arg-pNA, K,n = 86 
MM). 

Bovine and human pancreatic trypsin (Sigma) were assayed in 2 mM Caa2, 
5 50 mM Tris/Cl (pH 8.0) and the reaction was started withi 1 00 nM Chromozym-TRY 
(Carboxybenzoxy- Val-Gly-Arg-pNA, Km = 46 jM). 

Tryptase inhibition activity was measured using either isolated human skin 
tryptase or recombinant human tryptase prepared &om the human recombinant beta- 
protryptase expressed by baculovinis in uisect cells. The expressed beta-protryptase 

10 was purified using sequential immobilized heparin affinity resin followed by an 

immunoaffinity column using an anti-tryptase monoclonal antibody. The protryptase 
was activated by auto-catalytic removal of the N-terminal in the presence of dextran 
sulfate followed by dipeptidyl peptidase I (DPPI) removal of the two N-terminal 
amino acids to give the mature active enzyme (Siafcai et al, J. Clin. Invest . Vol. 97 

15 (1996), at pp. 988-995). Essentially equivalent results were obtained using isolated 
native aizyme or the activated expressed enzyme. The tryptase enzyme was 
maintained in 2M sodium chloride, 10 nM 4-moipholine-propanesulfonic acid, pH 
^ 6.8. The assay procedure employed a 96 well microplate. To each well of the 
microplate (Nunc MaxiSorp), 250 pi of assay buffer [contaming low molecular 

20 weight heparin and tris (hydroxyinethyl)aminomethane] was added followed by 2.0 pi 
of (he test compound in dimetfaylsulfoxide. Hic substrate (10 jil) was then added to 
eachweUtongiveafiifalconCie^ 
arginine-p-nitroaniline (CBz-Gly-Pro-Arg-pNA). Tlie microplate was then shakra on 
a platform vortex mbcer at a setting of 800 (Sarstedt TPM-2). After a total of three 

25 minutes incubation, 10 fU of the working stock solution of tryptase was added to each 
well. Hie microplate was vortexed again for one minute and then incubated without 
shaking at RT for an additional 2 minutes. After this time the microplate was read on 
a microplate reader (Molecular Devices UV max) in the kinetic mode (405 nm 
wavelength) over twenty minutes at RT. To determine the compound concentration 

30 that inhibited half of the enzyme activity (IC50), the ftaction of control activity (FCA) 
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was plotted as a function of the inhibitor concentration and curve to fit 
FCA/(l[I|/IC5o). The ICso for each compound was detOTnined 2-4 times and the 
obtained values were averaged. 

Applying the above-described assays, the inventive compounds demonstrated 
5 activity as inhibitors of Factors Vila, Ka, Xa, XIa, Ka, tryptase and/or urokinase. 

The following Exanqiles illustrate embodiments of the inventive compounds > 
and starting materials, and are not intended to limit the scope of the clalnis. Fbrease 

r 

of reference, the following abbreviations are used h^in: 
10 Tlie foUowing Examples iUustrateembodim^ts of the inventive compounds 

and starting materials, and are not intended to limit the scope of the^ claims. For ease 
of reference, the following abbreviations are used herein: 

Abbreviations 

Me = methyl 
15 Et =ethyl 

Ph = phenyl 

Bn=benzyl 

t-Bu = tertiary butyl 

Boc = t^-butoxycarbonyl 
20 CBZ = carbobenzyloxy or carbobenzoxy or benzyloxycarbonyl 

THF = tetrahydrofuran 

EtOAc = ethyl acetate 

DMF = dimediyl formamide 

i-PrOH = isopropanol , 
25 DMSO = dimethyl sulfoxide 

DMB = 1 ^ diniethoxy ethane 

DCE = 1,2 dichloroetbane 

DCM = dichloromethane 

AcOH = acetic acid 
30 TFA = trifluoroacetic acid 

i-PrzNEt = diisopropylethylamine 

DMAP = 4'dimethylaminopyiidine 

NMM = N-methyl moipholine 

NaHCQs = sodiiun bicarbonate 
35 NaBH(OAc)3 = sodium triacetoxyborohydride 

Pd/C = palladium on carbon 
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EDC (or EDCHQ) or BDCI (or EDCXHCI) or EDAC = 3-ethyI-3*r 
(dimethylaiidno)propyl- carbodiimide hydrochloride (or ^{S-Klimetfiylaminopropyl)- 
3-ethylcarbodiirnide hydrochloride) 

HOBT or HOBTJH2O = l-hydroxybenzotriazole hydrate 
5 HOAT= l-Hydroxy-7-azabenzotriazole 

Pd(0Ac)2 = Palladium acetate 

CBZ-Q i= benzyl chlorofonsate 

SAX = Strong Anion Exchanger 

sex = Strong Cation Exchanger 
10 PVP = polyvinylpyiidine 

£>CC = dicyclohexylcaibodiimide 

Die or DIPCn>I = diisoprc^ylcaifoodiinude 

DMA = dimeth^ acetamide 

DIAD = diisopropyl azodicarboxyiate 
15 DIEA= diisopropylethylamine 

DIPEA =: diisopropylethylamine 

DPPF= I,r-bis(diphenylphosphmo)ferrocMe 

TEA = triethylanune 

TBS = t-butyldimethylsilyl 
20 Tf = tiifluoromethanesulfonyl 

L = liter 

naL = milliliter 

^L=:microlit^ 

g = gram(s) 
25 mg = milligram(s) 

meq = milliequivalent 

rt or RT = room temperature 

cone. = concentrated 

sat or sat'd = saturated 

30 — TLe=rtbin layer chiomatogr^hy 

HPLC = high performance liquid chromatography 
RP HPLC = reverse phase HPLC 

LC/MS = high performance liquid chromatography/mass spectrometry 
MS or Mass Spec = mass spectrometry 
35 MW= molecular Weight 
mp = melting point 

EXAMPLES land 2 
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5 



Ex. 
No. 




R26 


MS(M+H)* 


1 


N 


OMe 


547 


2 


CH 


H 


516 



Compounds having thp formula (Ic), wherein X3 and R26 have the values listed 
in Table 1 , were prepared using the following method (weights and percentages are 
approximate for the compound of Example 2), 

10 Step A; 



CBZ- 
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62.0 mg (0.10 mmol) of Acid-l 



HP2C, 




-OTBS 



, having desired 



groups 



X3 and R26.3LI mg (0.11 mmol) of 2-(CBZ-amino)-5-aniinob«izimida2ole, 21 mg 
(0.10 mmol) of EKX. 10.0 mg HOBT, and 2.0 mg DMAP were dissolved in 3 ml 
5 DMF and stirred at RT for 18h. After that time, HPLC indicated a completed 

reaction. Concentration and purification on SiOa using CHCla/MeOH/water (9:1:0.1) 
yielded 40.7 mg of compound lA as a white foam. Acid-1 can be prepared as shown 
in WO 99/41231. 

StepB; 



40.0 mg (0.052 mmol) of compound 1 A and 10 ^il HCl (cone.) were stiired in 
2 ml MeOH for 30 min. at RT, at which time HPLC indicated a completed inaction. 
Concentration and purification of the residue on 10 g SiOt using CHCla/MeOH/water 
(8:2:0.1) yielded 33.8 mg (97%) of compound IB as a white foam. 



10 




(IB) 
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Step C : 33 mg (0.044 mmol) of compound IB from Step B, 10 mg Pd/C (10%), and 
0.05 ml 1 .0 N HCI in 5 ml dioxane wctb hydiogenated (balloon pressure with H2) for 
12 h. Filtration, concentration, and prep-HPLC purification yielded after 
lyophilization 20,3 mg (72%) of the desired product as a white powder in the form of 
5 its TFA salt 100% purity by HPLC. 



EXAMPLES 




10 

Step A: 




(3A) 



l-Ethyl-3-(3-dimethylaminopropyl)caibodiimide hydrochloride (15.5 mg, 0.08 
mmol) was added to a stinted solution of 50 mg (0.08 mmol) of Add-l from Example 
13 1 (having the desired groups X3 and R26), 9 |iL (0.082 mmol) of NMM, 1 1 mg (0.08 
namol) of 1-hydroxybenzotriazole hydrate, and 18 mg (0.08 mmol) of amine coupling 
componMt o-fiV-Boqraminomethyl)a^ (see J. Med. Chem .. Vol. 42 (14) (1999) at 
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p. 2504), in 1 .5 mL of DCM at OX undex Ar. The reaction was stirred for two days at 
rt, concentrated, and taken up in EtOAc and watCT. The EtOAc was washed with 
water (2x), dried (sodium sulfate), and concentrated to a glassy residue (69 mg), 
which was chroinatographed over silica gel using 1% MeOH in methylene chloride to 
5 give 55 mg of compound 3 A as a glassy residue. 

StepB: 




A solution of compound 3A (24 njg, 0.029 mmol), 1.2 mL of DCM, and 0.3 
mL of TFA was stirred at RT for 2 h and concentrated, and then concentrated firom 

10 MeOH (4x) to a residue. Concentrated ammonia (0.5 mL) was added to a solution of 
the residue in MeOH (0.8 mL). After stirring for 5 mm., the solution was diluted with 
MeOH and concentrated to a residue, which was taken up in EtOAc and water. After 
two extractions with EtOAc, the combined EtOAc was washed with water, dried 
(sodium sulfate), and concentrated to give 19 mg of crude product as a clear oily 

15 residue. Step 3B was repeated usiag 26 mg (0.032 mmol) of compound 3A to make 
another 13 mg of crude compound 3B, and the combined crude product (19 mg and 
13 mg) was chromatographed over silica gel using 10% and then 15% MeOH in 
methylene chloride to give 22 mg of pure compound 3B as a glassy solid. 

20 Stcp C: A mixture of compound 3B (19 mg, 0.031 mmol), 2.5 mL of MeOH, 
and 33 jiL of 1.0 N HQ was hydrogenated for 20 min. in the pi^nce of 6 mg of 10% 
Pd/C. After iBltration and concentration of the fiUtrate, the residue was lyophilized 
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from dioxane- water to give 16.7 mg of Example 3 as a white solid in the HQ salt 
fonn. MS (M+H)*=521. 
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EXAMPLES 4^6 




OMe 



Compounds of formula (Id) were prepared, wherein Z and s have the values 
5 listed in Table 2, using the method recited in Example 3 and the amine-coupling 
components listed in Table 2. 

TABLE2 



Ex* 


Amine-^coupling 
component 


s 


z 


MS(M+H)* 


4 




1 




572 


5 


L 


1 


0* 

H 


513 




^Boc 








6 


HUr^ 

6a. 


0 


6a< 


558 
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5 A solution of Acid-1 from Example 1 (having desired groups X3 and R26) (50 

mg, 0.085mmol), HOST (L48 mg, 0.011 mmol), DCC (23 mg, 0.11 mmol), and 
DMAP (catalytical amount) was stirred for 10 min. To this solution was added amine 
coupling component 2-amino-5-aminomethylpyridine (13.5 mg, 0.1 1 mmol) (see 
Gennan patent publication DE 4301 10 Al (1994)). The mixture was stirred overnight 

10 and concentrated. The residue was dissolved in 1 niL of MeOH, treated with 0.2 mL 
of cone. HCl, and stirred for 10 nun. MeOH was replaced with THF, and 0.2 mL of 
50% NaOH was added. The mixture was stirred ovemig^ neutralized with cone. 
HCl, and concentrated. The residue was dissolved in MeOH and filtered. The filtrate 
was purified with reverse phase Prep HPLC to give 21 mg (83%) of Example 7 as a 

15 white solid MS (M+H)*=49L 

^EXAMPLES S-27 
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Examples 8-27 having Fonnula (le), above, were prepared wherein the values 
s and Z are as recited below in Table 3. The compound of Example 8 was prepared in 
the same manner described above for Example 7, and the compounds of Examples 9- 

5 11 were pn^ared in the manner described above for Exan^le 3, using an appropriate 
amine-coupling component Compounds of Examples 12-27 were synthesized via 
automation using a TECAN liquid handler for reagents and starting material addition 
and Procedures A and B below. The desired amine-coupling components were 
prepared as set forth in the previous schemes, as known in the field, and/or as set forth 

10 in the literature, Le„ see, e.g., Yatsunami et oL, S. Eur. Pat AppL No, EP 343560 
(1989) (Exs. 9, 31); Kraska et aU Poh J. Chem, Vol. 58 (1984) at p. 1025 (Exs. 10, 
12, 13); Kato etaL, PCT Intern. Applic. WO 00/09506 Al (Ex. 19); Beattie et aL, L 
Med. Chem.. Vol. 20 (1977) at p. 718 (Ex. 22); Kawano et al, PCT Intcra. 
AppHcation WO 97A)9982 (Ex. 23); and Feng et aL. J. Med. Chem ., Vol. 40 (1997) at 

15 p. 3726 (Ex. 27). Add-2 was prepared according to procedures shown in WO 
99/41231. 




tZ-NHRg, CICH2CH2CI 
Procedure A or B 



(Acid-2) 



2. sex purification 

3. 4 N HCI in 1,4-dioxane or H2, Pd/C, MeOH 
_4..Polyvinylpyrf(fifie.re8in 




Procedure A: for monoprotected diammes 

To 33 reaction tubes (12 mm x 65 mm) in a mini-reactor were added 0.5 mL 
(30 mg, 0.055 mmol, 1 eq) of a stock solution of Acid-2 m ClCH2CH2a, 0.25 mL (16 
JDjg, 0.083 mmol, 1.5 eq) of a stock solution of EDC in CHiQi, and 0.25 mL (10 mg, 
25 0.083 mmol, 1.5 eg) of a stock solution of DMAP in aCH2CH2CL The muii-ieactor 
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was removed and shak^ on an orbital shaker for 20 minutes. Amines having the 
desired groups Z andRis (0.066 mmol, 1.2 eq) were ^dded and the mixture was 
shaki^ on an orbital shaker for 3 days. 

The reaction mixtures were purified via solid phase extraction using a SCX 
5 cation exchange column (CUBCXHL5R3, 500MG/3ML/50PKG) as follows: 

1) . Colunms were conditioned with 1.5 mL of 1:1 CH3CN-iPr20H solution; 

2) . Reaction mixture (1 mL) was loaded on to SCX columns; and 

3) . Columns were elnted with 1 .5 mL of 1 : 1 CHaCN-iPfiOH solution into 9 mm x 80 
mm microtubes. 

10 The CH3CN-iPr20H solutions were concentrated using a speed vac for 12h. 

(For CBZ-protected amines, the residues were hydrogenated with 5 mg of Pd/C in 2 
ml MeOH, After filtration, the MeOH solutions were concentrated to give residues.) 
The residues were treated with 4 N HCl in 1,4-dioxane, sonicated for 1 min, and 
loaded on PVP column. The PVP columns were eluted with 3 mL of 1 : 1 water-1,4- 

15 dioxane solution. The solutions were concentrated using a speed vac for 12 h to give 
the final products. 

Procedure B: for unprotected diamines 

To 12 mm x 65 mm reaction tubes in a mini-reactor was added 0.5 mL (30 
mg, 0.055 mmol, 1.1 eq) of a stock solution of Acid-2 in aCH2CH2Cl, 1 1.75 pL (9.5 
20 mg, 0.075 namol, 1.5 eq) of a stock solution of DIG, and 0.25 mL (10 mg, 0.075 

mmol, 15 eq) of a stock solution of HO AT in a 5:1 CICH2CH2CI-DMA solution. The 

mini-reactor was removed and shaken on an orbital shaker for 20 min. Amines 
having the desired groups Z and R13 (0.066 mmol, 1.2 eq) and iPr2NEt (19 nL» 14 mg. 
2.2 eq.) (or 2 HCl salts), wm added, and the mixture was shakoi on an Qd)ital shaker 
25 for 3 days. 

The reaction mixtures were purified via solid phase extraction using a SCX 
cation exchange column (CUBCXHL5R3. 500MG/3ML/50PKG) as follows: 

1) . Columns were conditioned with 1.5 mL of 1:1 CH3CN-iPr20H solution; 

2) . Reaction mixture (1 mL) was loaded on to SCX columns; 
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3) . Columns wexe rinsed with 1:5 mL of a 1:1 CHaCN-iPriOH solution; and 

4) . Columns were eluted with 1.5 mL of a 2M NH3 MdDH solution into 9 mm x 80 
mmmicrotubes. 

TABLES 



Ex. 




z 


MS 
(M+H)* 


8 


1 


\^ 
H2N 


y\ 


531 


9 


0 






502 


10 


0 


HaN^ 




524 


11 


0 






490 


12 


0 


/-{~VcH3 
H2N ^—^ 


504 


13 


-0- 




520 






0CH3 




14 


0 






533 


15 


0 






504 
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Ex. 


s 


Z 


MS 
(M+H)* 


26 


1 




547 
















27 


1 




497 



EXAMPLES 28-31 




Compounds having the Fonntda Qf) wherdn Z has the values in Table 4 were 
synthesized using the same procedures as described above for Examples 12-27. 

TABLE4 



Ex. 


Z 


MS 
(M+H)* 








28 






482 


29 


— S 




496 


30 


o- 




536 
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Ex. 


Z 


MS 
(M+H)* 


31 




502 
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EX4MPLE32 




10 (24 mg, 0.11 mmol), DIG (13.84 mg, 0.11 mmol), HOAT (15 mg, 0.1 1 mmol) and 
DIEA (35.5 mg, 0.28) in DMF/DCE (1.0/1.0 mL). The reaction tubes were shaken at 
RT for 4 days. The reaction mixture was concentrated in speed vac to give the 
. desired compound 32A. 

Step B: To compound 32A was added 40% TFA (6 mL), and the mixture was 
15 sonicated for 2 min. and allowed to sit at RT for 3 h.. The solvent was i^oved in 
speed vac, and cone. NH4OH (03 mL) and MeOH (1.0 mL) were added. After 
concentration in speed vac, the residue was purified on Prep HPLC (YMC S5 ODS 
30x100 mm). To the purified intennediate was added 10% Pd/C (15 mg) in MeOH (3 
mL), and the solution was stirred at RT under hydrogen (balloon pressure) untU the 
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Starting material disappeared. The reaction mixture was filtered, cone. 
NHUOH/MeOH (0,3/l ;0 mL) was added, and the filtrate was concentrated in speed 
vac to give the desired product (8.6 mg). MS (M:+H)*=521, 

5 EXAMPLE33 




OMe 



Example 33 was prepared using the same procedure as for Example 32, except 
10 4-aminomethyl aniline (13 mg, 0.1 1 mmol) was used in place of Boc-aminomethyl-4- 
aniline to make the corresponding intermediate. To this intermediate was then added 
1% cone. HQl in MeOH (6mL), in place of 40% TFA , which was sonicated for 3iO 
seconds and allowed to sit at RT for 30 min. MS (M+H)*=52L 

15 EXAMPLES 34-41 
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Compounds having the formula (Ig), wherein s and Z have the values listed in 
Table 5 were prepared in the manner described above for Examples 32 and 33, using 
an appropriate amine-coupling component 

TABLES 

5 



Ex. 


s 


z 


MS 
(M+BD* 


34 




/ — \>" 

HaN if f 




35 


1 


-iTin2 


572 


36 


1 


NH2 


572 


37 


1 


p-l- 

H2N 


521 


38 


1 


NH2 


538 


39 


1 


NH2 


588 










40 


1 




522 


41 


0 


"OCX/ 


547 
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EXAMPLE 42 




5 5-ammomdole (13 mg, 0.091 mmol), TEA (13 jiL, 0.091 imnol), and a 

catalytic amount of DMAP and BDCI (18 mg, 0.091 mmol) were added to a solution 
of Add-1 (Example 1) whece X3 is C and R26 is H (50 mg, 0.085 mmol). After 
stirring overnight at RT, fcefcra-butyl anamonium fluoride (0.45 ml, 0.45 mmol) in TUP 
was added to the reaction mixture. The reaction was allowed to stir for 1 h at RT, a 

10 KOH solution (1 ml, 1 N) was added, and the reaction was allowed to stir for another 
1 h. Tie reaction was quenched with 1 N HQ (2 ml), extracted with EtOAc (2x5 
ml). The organic phase was further washed with 1 N HQ (2x5 ml) and saturated 
NaQ solution and dried over MgS04. The solvent was reJhoved to afford the above 
product (40.6 mg) as a brown solid. 



15 

EXAMPLES 43-49 




(Ih) 



Compounds having the formula (Di) wh^in Z has the values listed in Table 6 
w«:e prepared in the manner described above for Example 42, using an appropriate 
20 aixiine-coupling con:q)onent 
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TABLE 6 



Ex. 




MS 

(M+H)* 


43 




500 


44 


H 


515 


45 


/ 

H3C 


528 


46 


H3C-/YY 

H 


514 


47 




515 


48 


H 


500 


49 


H 


514 



EX>^LE50 
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OAAe 



Exanq)le 50 was prepared in the same manner described above for Example 
4Z MS (M+H)*=546. 

5 

EXAMPLES 51 and 52 




Compounds of fonnula (B) were prepared, wherein Ra is ethyl (Example 
51) and methyl (Exanq)le 52), as follows. 

Step A: 
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OMe (51A) 

To make Compound 51A wherein R3 is ethyl, a solution of sodium 
ethoxide in EtOH was added to a THF solution of Compound IB. The mixture was 
5 stirred overnight. The reaction mixture was worked up and purified to afford the 
desired Compound 51A. To make Compound 51A wherein R3 is methyl, the same 
procedure was used using a solution of sodium methoxide in MeOH. 

Step B : A solution of Compound 51 A having the desired gioup R3 was stirred 
10 under 1 atmosphere of hydrogen in the presence of 10% Pd/C. After 1 hr, the catalyst 
was filtered off and the solvent removed to afford the desired compound* MS 
(M+H)-'=575 (Ex. 51); 561 (Ex. 52). 



EXAMPLE 53 

15 




OMe 



-73- 



\ 
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Step A; 




OMe (53A) 



To a mixture of 73 mg of 




0.12 mmol) (Acid-3), 35 mg 



5 (0. 12 mmol) of 2-<CBZ-amino)-S-amiBobenzimidazole, 2 mg (0.014 mmol) of 1- 
hydroxy-T^iazabenzotriazole, and 30 mg (0.144 mmol) of NJN - 
dicyclohexylcarbodiimide, were added 0.7 mL of DMF and 1 mg of DMAP. The 
mixture was stirred for 3 h at RT, stored overnight in the refidgerator, filt^ed, and 
concentrated to a residue. The residue was triturated with EtOAc and after filtration, 
10 the BtOAc was washed sequentially with water, 5% potassium hydrog^i sulfate, 
water, and brine, dried (sodium sulfete), and concoitrated to an oily residue (97 mg). 
Chromatography of the residue over silica gel using 1-5% MeOH in DCM gave 68 ~ 
mg of compound 53 A. Acid 3 was prepared according to procedures described in 
WO 99/41231. 

15 

Step B : 65 mg (0.088 inmol) of compound 53 A in a mixture of 1 mL of dioxane, 3 
mL of MeOH. 100 )jL of 1.00 N HQ, and 22 mg of 10% Pd/C was hydrogenated at 1 
atmosphere for 4 h. After filtration, the filtrate was concmtrated, and the residiie was 
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e "M- » tf- 1^ ftmr M> tdUb 



beated with dioxane and water to give 39 mg of Example 53 as a white solid. MS 
(M+H)*=517. 

EXAMPLE54 




COjH 



OMe 



10 Step A : 



(54A) 



To a sohition of 5 g (35 mmol) of 5-iiitro-2-aniinopyridiiie 
15 20 DoL of pyridine was added 7.5g (39 mmol) of toluenesulfonyl chloride 

(-^ ), 



)in 



The solution was stirred for 18h at 80^C and cooled to rt and 



20 



concentrated. The precipitate was taken up with water, ffltetedTand^vmliedlnffi 
water. Ihe soKd was then crystallized from EtOAc to give 43 g (40%) of compound 
54A as white needle ciystals. 



StepB; 
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To a solution of 1:5 g (5 mmol) of compound 54A in 20 mL of DMF was 
added 0.79 g (6.1 mmol) of DffEA and 1.13 g(6.1 mmol) of iodoacetamide at rt The 
solution was stirred for 24 h and then poured into 100 mL of water and stimced for 1 h. 
5 The solid was collected and dried under vacuum. The solid was taken up with 20 mL 
DCM, and then 1.2 g (6.1 mmol) of trifluorpacetic anhydride was added at rt The 
resulting solution was stirred for 5 h at rt and concentrated. The residue was taken up 
with EtOAc and washed with sat*d NaHCOs. The organic layea: was dried ovct 
MgS04 and concentrated to give 032 g of compound 54B as a white solid. MS, m/z 
10 (M+l)*=289. 

Step C: 




15 

Compound 54B was dissolved in EtOAc and Pd/C catalyst was added. The 
mixture was placed on the PARR shaker at 40 psi for 2h. Efltering off the catalyst 
yielded compound 54C in 80% yield. 

20 StepD; Exanq)lc54 




Compound 54C was coupled to Acid, ^ , using HDAC, 

HOAT, and 4-DMAP in DCM. Tte resulting product was purified by prep HPLC 
The tart-butyl protecting group was renioved by treating the compound witii TFA m 
DCM, The triiluoro acetamide protecting group was removed by dissolving the 
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compound in DMSO and adding 10 eq. of solid NaOH. Hie mixture was stirred for 
12 h at rt and purified by prep HPLC to give Example 54. 
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EXAMPLE 55 



5 

Step A; 




10 

In a solution of DMF (3 mL) were dissolved amine-coupling component 33 
from Scheme I (47.0 mg, 0.15 mmol), Acid-1 from Example 1 (93.0 mg, 0.15 nnnol) 
(wh^ X is N and R26 is OCH3), 45 mg (0.22 mmol) DCC, 4 mg HOAT, and 3 mg 
DMAP. The solution was stirred under Ar at rt for 24h. After that time both the 

15 amine and the acid were consmned (HPLC). The reaction mixture was filtered^ the 
filtrate concentrated, and (he residue taken up in 5 ml EtOAc to afford a solution of 
au(te con5)Ound"55ArThe crude compound was washed wiflilmne"(3x3^)7<fiied~ 
overNa2S04 and concentrated. The oDy residue was puriiBed by column, 
chromatography on 150 g SiOausmg EtOAc/DCM (2:8) and EtOAc/DCM/ JP 

20 (2:8:0.2) yielded 90 mg (67 %) of compound 55A as a white foam. 



10 



20 




WO 02/42273 PCT/USOl/46884 

* — ^ ■ ^ --^ Mk» 0r „ IMf ^ 

/ 

StepB; 



(55B) 



+ 0C(=0)CF3 (55B.2) 

85 mg (0.93 mmol) of compound 55 A was stirred at rt in 4ml TFA/anisole 
(1:1) for 24 h. HPLC and LC-mass indicated consumption of 55A and formation of 
two new compounds, Lc, 55B.1 where R28 = OH (M+H =648) and 55B.2 where R28 
OC(=0)CFi (M+H =744). Concentration and treatment of the residue witii ether 
yielded 85 mg of a white solid of the TFA salts of the mixture with no other side 
products indicated a 1: 3 mixture for 55B.1 and 55B.2. 

StepC: Example 55 

80 mg of (he mixture from Step B was dissolved in 3 ml dioxane and stirred 
15 with 1 ml of 1.0 N NaOH for 24 h. At that time LC-mass showed a completed 
leaction. Concentration and prep-HPLC purification of the residue gave 39 mg of 
Example 55 in the TFA salt form as a white lyophilate (50.4% over two steps). 
HPLC-purity 100 %. LR-MS (M+H)^=558 



EXAMPLE 56 




25 
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5 



15 



Step A: 




25 mg (0.051 mmol) of Acid-3 j&om Example 53, 15.4 mg (0.05 mmoi) of 
amine-coupling conqionent 33 from Scheme 1,15 mg (0.07 mmol) DCQ 1 mg HOAT, 
10 and 1 mg DMAP were dissolved in 2ml dry DMF and stinted under Ar at rt for 1 8 h. 
HPLC indicated a complete reaction. The suspension was filtered and the filtrate 
washed with 1 ml EtOAc. Concentration of the filtrate and column chiomatogr^hy of 
the residue on SiQa using BtOAc/DCM (2:8) yielded 30 mg of compound 56A (76.7 
%).MS(M+H)*=768; 



StepB; 




COOBn- 



(56B) 



20 29 mg (0.038 mmol) of compound 56A was stiired in 2 ml TFA/anisole (1:1) 

at rt After N2 protection for 24 h, LC-mass indicated a completed reaction. 
Concentration and treatm«it of the residue with ether yielded 25 mg of a beige 
pow<te: of the crude TFA salt of compound 56B. This material was used without 
fiuther purification m the next step. 

' -80- . 
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Step C; Example 56 

24 mg (0.027 mmol) of the TFA salt of compound 56B was stined in 2 ml 
dioxanewith 1 ml LONNaOH for 24 Lite reaction was momtoied by HPI^^ 
5 mass. After ranoval of the solvent in vacuo, the residue was dissolved in solvent B 
(90%MeOH/10%watea:, plus 0.1%TFA) and purified by prq)-HPLC to yield 13 mg of 
Example 56 in the TFA salt fonn as a white lyophilate (64 % yield). MS(M+H)* 
^28, HPLC^purity 95 %. 

W EXAMPLES? 




r 



15 



Step A; 



H / 



OHC 




COOH- 



^ (57A) 
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10 




To 10 ml of DCM was added 426.5 mg (LO mmol) of 



and 5 ml of TFA, and the solution was stirred first for 1 h at 0°C and then for 2 h at rt 
to complete the deprotection. The mixture was concentrated to a colorless oil. The 
concentration was repeated three times with 3 ml toluene added each tune to remove 
excess TFA to yield 382 mg of compound 57A as a coloiiess oil. HPLC purity = 100 
%.LC-Mas37l 

StepB: 



^cooc^Hs 



(57B) 




380 mg (O.lOmmoI) of compound 57A was dissolved in 15 ml acetonitrile, 
and to the solution werfe added CS2CO3 (326 mg, 1.0 mmol). and C2H5I (17Qmg, LIO 
mmol). The mixture was stuied for 18 h at rt witii HPLC-monitoring to complete the 
reaction. The suspension was filtered and die filter residue washed witii 10 ml 
15 BtOAc. The combined filtrate was concentrated and die residue dissolved in 30 ml 



EtOAc. The residue was washed with half brine and brine, dried over Na2S04, and 
die organic layer was concentrated to yield 398 mg (100%) of compound 57B as a 
white foam. 



20 StepC: 
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10 




COOC2H5 



(57Q 



To 380 mg (0.92 mmol) of compound 578 were added 607 mg (6.7 mmol) oif 
Naa02» 235 mg (1.83 mmol) of NaByP04, and 2 ml 2-methylbutCTe, and the mixture 
was stirred for 1 h at 0*C in 15 ml of t-BuOH/CHaCN/HzO (6:1:2), The reaction 
mixture was poured into 30 ml of ice water. The combined organic layers were 
extracted with EtOAc (3 x 15 ml), wiashed with brine, dried over Na2S04, and 
concentrated to yield 382 mg (100%) of compound 57C as a white foam. HPLC- 
purity99%,IR. 



StepD; 



H / 



NHBOC 




COOC2HS 
(57D) 



NHBOC 



15 20? mg (0.50 mmol) of compound 57C, 130 mg (0.50 mmol) of ^^'^'^^NHa^ 

1 18 mg (0.55 mmol) of DCC, 20 mg of HOST, and 10 mg of DMAP were dissolved 
in20mlacetonitrileandstinedatrt After 24 b» the reaction was completed (per 
HPLQ. Filtration and concmtration yielded 307 mg (93.6 %) of crude compound 
57D as a white solid HPLC-purity=83 %. Thismaterial was directly used in the 

20 next stq) without furth^ purification. MS (M+H)* = 656. 

Step E: Example 57 
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Gompound 57D was dissolved in 6 ml TFA/DCM and stined for 4 h at S^'C to 
complete the deprotection. Concentration and pmification of the oily residue of crude 
product by prep-HPIX: yielded 128 nag (47% over two steps) of Example 57 in the 
TFAsaltformHPLC-:purity= 100%, MS (M+H) =556. 

5 

EXAMPLES 58-69 



10 




Conq)ounds having formula (Ij), above, wherein s and Z have the values listed 
below in Table 7 below, were prepared using flie following procedure. 

15 




Compounds of 
Formula (Ic), 
above. 



0.05 mmol 



Compoimd 1 was dissolved in acetonitrile with 2 equivalents of an amine 
20 having the desired groups -^CH2)*-Z. EDQ and HOST wctc added and the mixture 
was stined ovemig|it The reaction mixture was added to SCX resin, and it was tiien 
washed with 1.5 ml of dfeCN and eluted with 1.5 ml of CHaCJ^/MeOH (1:1). The 
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solvent was removed to affoid the coiqxjund 2. To compound 2 was added 
CHjQinFA (2: 1), and the mixture was ^owed to stand for 25 h. AA^ evaporation 
of the solvent, MeOH and NH4OH weie added and die conq>ounds of Formula (Ij) 
v/ae isolated following purification by RP HPLC, using MeOH/water as eluenL 



Ex. 



57 



58 



59 



60 



61 



62 



63 



64 



TABLE? 



0 



H3C- 









538 



534 



543 



549 



572 



512 



542 



535 
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Ex. 


s 


z 




65 


1 


CI 


554/556 


66 


0 


NHz 


573 


67 


0 


niM 




68 


0 


NH2 


558 


69 


0 


NHz 

1 


558 



EXAMPLE 




Compoands having the fonnula (Dc), wherein the groups R4 and R5 
have the values listed in Table 8, were prepared using the method of Steps A through 
I below. 

Step A : 



-86- 



wo 02/42273 PCT/US01/46«84 



OtBu 

OH O (70A) 

tBuOH (90 mL) was added to a flask with 5-fonnylsalicylic acid ( oh o 
) (4.98 g, 30.00 nimol) and DMAP (150 mg, 1.23 mmol). Hie salicyclic acid did not 
completely dissolve. Asohition of DCC (6.50 g, 31.50 mmol) in THF (60 mL) was 
5 addeddropwiseoverSOmin. After 12 h, Et20 (50 mL) was added followed by 

anhydrous oxalic acid (4.41 g, 48.98 mmol). After 15 min of stirring, the solids wei:e 
filtered off. The filtrate was washed with 2.5% NaHCOa (3X) and sat. NaQ (23Q. The 
solution was dried (MgS04), filtered, and cone, to give 6.20 g (93% crude) of 
compound 70A. 

10 

StepB : 



OtBu 

OTf O (70B) 






15 Pyridine (1 1.52 mL, 135.10 mmol) was added to a solution of compound 70A 

(6.00 g. 27.02 DDunol) in DCM (40 mL) at-lO'^C A solution of 
tiifluoiomethanesulfonic anhydride (9.09 mL, 54.04 mmol) in DCM (lOmL) was 
added dropwise over 15 min. Hie reaction mixture was stirred for 1.5 h at -10**C and 
fbea stored in the freezer. The next day, the solution was poured into cold H2O (120 

20 mL), thenr partitioned between EtOAc (250 mL) and H2O (1(X) mL), Tho aqueous 
phase was isolated and extracted with EtOAc (lOOmL). All organic phases were 
combined and washed with saL Naa(2x). The solution was dried (MgS04), filt^ed 
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and cone. Hie crude product was purified by flash chromatography using 
DCM:Hexane (1:2) to obtain 7.96 g (83%) of compound 70B. 

Step C ; 




OcBu 



OTf O 



(70Q 



2-methyI-2-butene (9.6 mL) was added to a solution of compound 70B (5.66 
g, 15.98mmol)intBuOH:CH3CaSf:H2O(6:l:2)(85mL)at0*'C.NaaO2( g, 68.69 

10 mmol) was added in portions over 1 min. After 5 min of stirring, NaH2P04 H2O (2.65 
g, 19.18 mmol) was added in portions ov^ Imin. The reaction mixture was then 
stirred at rt for 45 min anH cold H2O (125 mL) was added The solution was extracted 
with £tOAc(2x250mL). The organic extracts w^ combined and washed with 
H2O (2x) and sat. Naa(2x). The solution was dried (MgS04), filtered, and cone, to 

15 give 4.80 g (81%) of Compound 70C. 

StepD : 




OTf O (70D) 

20 Conqxjund 70C (4.80 g, 12.96 mmol) was dissolved in DMF (10 mL). 

NaHCOa (131 g, 15.55 mmol) was added followed by benzyl bromide (6.17 mL, 
- 51.85 mmol). Aft^ 12 h, the reaction mixture was partitioned between EtOAc (250 
mL) and H2O (150 mL). Ite organic phase was isolated and washed with sat NaCI 
(1 x). The solution was dried CMgS04), filtered, and cone. The crude product was 
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5 



20 



purified by flash chromatography using a gradient of 3% to 20% EtOAc in hexane to 
provide 4.64 g (78%) of compound 70D. 

StepEt 

Oc^OBn 




QCH3 



Deoxygenated DMF (45 mL) was added to a round bottom flask containing 

O Sn(Bu)3 

H^VS 

compound 70D (4^,44 g, 9.64 mmol) and stannene ( ) (534 12.54 

10 mmol) (see WO 99/41231 and the general procedure for stannylation of pyridine 
caiboxyaldehydes described in L Heterocyclic caiem .. Vol 31, (1994) at p. 1161.) 
Powdered CuO (0.77 g, 9.64 mmol) was added followed by dichloiobis- 
(triphenylphosphine)palladium(ir) (0.46 g, 0.65 mmol). The mixture was heated to 
110°C. After 1 h, the reaction mixture was cooled to rt The solution was diluted with 
15 EtOAc (45 mL) and filtered through Celite. The filtrate was partitioned between 
EtOAc (150 mL) and H2O (150 mL). The organic phase was isolated, washed with 



sat NaQ (100 mL)7ffirfl>igS04), and cone. The crude material was purified Iqr 
column chromatography using hexane:DCM (1:2) to obtain 2.71 g (63%) of 
Compound (70E). 

StepF : 
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10 



The process of Step C, above, was followed, adding 3.65 mL of 2-methyl-2- 
butene to a solution of compound 70B (2.71 g, 6.06 mmol) in 33 mL of 
tfiuOH:CH3CN:H20 (6:1:2), and using 2.36 g (26.04 mmol) of NaClO2,1.00 g (JJH 
mmol) of NaH2P04 H2O, and stirring the reaction for 30 min before adding cold H2O 
(90 mL). The aq. solution was extracted with EtOAc (150 mL), and the organic 
extract washed with H2O (2x) and sat NaQ (2x), dried ^gS04), filtered, and cone, 
to give 2.85 g (100%) of compound 7OF. • 

Step G ; 



O^OBn 



H2N 
Boc 




OCHa (70G) 

HOAt (83 mg, 0.61 mmol) was added to a solution of cong)ound 70F (2.83 g. 




15 6.11mmol)and "NH2 (i.52g, 6.11 mmol)inDMF(30mL).EDAC 

(1.52 g, 7.94 mmol) was added followed by DMAP (75 mg, 0.61 mmol). After 3 h. 
the reaction mixture was partitioned b^een EtOAc (400 mL) and H2O (300 mL). 
The aqueous phase was isolated and extracted with EtOAc (100 mL). All organic 
^tracts were combined, washed with sat NaQ (2x), ditied (MgS04), and cone. The 

20 crude product was purified by column chromatography using EtOAc to obtain 3.58 g 
(85%) of con^und70G. 
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StepH: 




(70H) 

20% Pd(OH)2 (1.75 g) was added to a solution of compound 70G (3.52 g, 5.07 
5 mmol) in THF (60 mL). The solution was placed on a Parr apparatus at 50 p.si. After 
48 h, the solution was diluted with THF:MeOH (1:1) and filtered. The catalyst was 
rinsed several times. The filtrate was cone, to give 1.90 g (62%) of compound 70IL 

Step I : Procedures for Examples 70-160 having Pbnnula Ik, above (Table 8) 

10 

A TECAN liquid handler was used to add 35 pL of DMF to each of a number 
of reaction tubes (12 mm x 65 mm) in a mini-reactor. Then, to each reaction tube was 
added 144 fiL (0.036 mmol) of a 2.5 M solution of an amine in DMF, the amine 
having the desired groups R4 and R5. Insoluble amines were added by hand. 5.1 pL 
15 (0.037 mmol) of TEA was added by hand to any tubes which contained an amine salt 
Th& TECAN was then used to add 150 |iL (18 mg, 0.030 mmol) of a stock solution of 
scaffold Compound 70H in DMF. This addition was followed by 150 of a stock 
solution cnntaining 5.2 fiT. Tnmn n of PIC and 4.5 m g (00^^ mmnl) of HOAt 

in DMF. The tubes were sealed and shsken for 24 h. 

20 

The reaction mixtures were purified by solid phase extraction using a SCX cation 
exchange column (CUBCXHL5R3, 500 MG/3 ML/ 50 PKG) as follows: 

1) ColunmswereciMiditionedwithMeOH(2xl.5mL); 

2) Reaction nuxtures were loaded on to SCX colmnns; 

25 3) SCX columns were washed with MeOH (2 x 1.5 mL) and 0.1 M NHa/MeOH (1.0 
inL); , 
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4) Colimms were eluted with 2.0 M NHa/MeOH (1 .5 mL) into microtubes (9 x 80 
nnn);and 

5) The microtubes were concentrated by speed vac. 

5 0^ mL of a TFA/DCM (1 :2) solution was added to each microtube. Hie tubes 
were c^ped and shaken for 3 h and then concentrated by speed vac. All crude 
products were purified by PREP HPLC using a gradient of 35 to 100% solvent B 
(ie., 90%MeOH, 10% H2O, with 0,1% TFA), over 5 min at 20 miymin (column: 
Shimadzu VP~ODS 20 x 50 mm). Fractions containing products were concentrated by 

10 speed vac. Compounds obtained in TFA salt form are reported in Table 8. 

TABLES 



Ex. 


R4 


Rs 


MS(M+H)+ 


70 


H 


H 


447 


71 


H 


H3C 


531 


72 


H 




557 


73 


H 




541 


74 


H 




543 


75 


H 


H3C CH3 


545 






CHa 




76 


H 


HgC 


531 


77 


H 


CO 


563 


78 


H 


CH3 


579 
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Ex. 




Rs 


MS (M+H)"^ 


96 


H 




552 


97 


H 




543 


98 


H 




585 


99 


H 


^ \ — f 


531 


100 


H 


e CI 


619 


; 101 


H 




627 


102 


H 


O- 


543 


103 


H 


o 

■i-^OH, 


551 


104 


H 




537 


105 


H 




551 


106 


H 




581 


107 


H 


O-OCHa 


581 










108 


H 


0 

H CH3 


557 


109 


H 


CHa CH3 


583 


110 


H 


OCH3 


581 
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Ex. 




Rs 


MS{M+H)^ 


HI 


H 




552 


112 


H 




519 


113 


H 




571 


114 


H 




565 


115 


H 




538 


116 


H 


H O 


532 


117 


H 




538 
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H 


^ » // 
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119 


H 


^OH 
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120 


H 
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H 




543 
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H 


H3C0 cx:h3 
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H 


^CHa 


559 


124 


H 


CH3 


517 


125 


H 




567 


126 


H 


CH3 


545 
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Ex. 


R4 


Rs 


MS(M+H)* 


, 127 


H 




503. 


128 


H 


II 


630 


129 


H 




543 


130 


H 


CH3 


543 


131 


H 




547 


132 


H 




519 


133 


H 




559 


134 


H 


CH3 


503 


135 


H 




519 


136 


H 




571 


137 


H 




582 










110 


TT 

JM 


HgC 


Doj 


1'^Q 


II 

n 


OH 


JO/ 


140 


H 


CH3 

0 


565 
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Ex. 


R4 


Rs 


MS(M+H)'' 


141 


H 


CH3 


517 


142 


H 




551 


: 143 


H 




567 


144 


H 






145 


H 


H 


564 


146 


H 




613 


147 


H 




567 


148 


H 




585 


14Q 


TJ 
XX 


CH3 


593 


150 


H 


H3CO 


611 
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-CH3 




517 


152 


OH 




561 
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-CH3 




551 
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-(CH2)2 

CH3 


CH3 


,545 


155 


-(CH2)2 

OH 




581 


156 


-(CH2)2 

OH 
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Ex. 


R4 


Rs 


MS(M+H)* 


157 


-CH3 






158 


-<CH2)2 

CH3 




547 


159 


OH 




547 


160 


-CH3 


^ CH3 


517 
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EXAMPLES 161-170 




OMe 



5 Compounds having the fon&ula (E), wherein the groups R4 and R5 together 

with nitrogen atom to which they are attached form the optionally-substituted 
heterocyclic and heteroaiyl rings listed in Table 9, were prepared using the method of 
Examples 70-160 described above. 



10 



TABLE 9 



Ex. 


-NRiRs 


MS (M+H)* 


161 




517 


162 


5-N 0 


517 


163 




531 


164 


,CH3 

CH3 


543 


165 




605 


166 




515 
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Ex. 


-NIURs 


MS(M+H)* 


167 




569 


168 




563 


169 




531 


170 




633 



EXAMPLE 171 

5 




-100- 



wo 02/42273 



PCTAJS01/468«4 



Step A: 

CHO 

OH O (171 A) 

5 A mixture of 3.6 g (21 nimol) of 5-formylsalicylic add, 1 1 g (65 mmol) of 

benzylbromide, and 3.1 g (43 mmol) of NaHCOs in 40 mL of acetone was stitred for 
24 h at reflux, then cooled to rt and concentrated. The residue was taken up with 
EtOAc and washed with sat'd NaHCOa. The organic layer was dried over Na2S04 
and concentrated to give 3.6 g (65%) of compound 171 A as a pale yellow oil. ^H- 

10 NMR (500MHz), 5 1 1.3 (s.lH,OH), 9-85 (s. IH, CHO), 8.37 (d, IH, ArH), 7.43 (d, 
IH, ArH), 7.46-7.45 (m. 5H, Arff s), 7.09 (d, IH, ArH), 5.41 (s, 2H, CH2Ph). 

StepB; 




15 OH O (171B) 



To a suspension of 4 g (9-7mmol) of isoamyl triphenylphosphonium bromide 
in 40 mL of THF at -78 ®C was added 4.7 mL (1 1 ,7 mmol) of 2.5 M butyllithium in 
hexane dropwise. The mixture was stirred for 20 min at -78°C, 1 h at 0*^C, thai 
20 recooled to -78 ^C. A solution of compoubd 171A in 15 naL of TEBF was added 
dropwise. The resulting solution was stirred for 1 h at -78®C, tb©a wanned to rt 
overoight and concentrated. The residue was takm up with EtOAc and washed with 
brine and 1 N HCL The organic layer was dried ov^ MgS04 and concentrated. The 
residue was chromatographed over silica gel (EtOAc±exane, 1:9) to give 0.8 g (66%) 
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of compound 171B as a pale yellow oil. ^H-NMR (500MHz), 6 10.6 (IH, s, OH). 7.78 
(s, IH, ArH), 7.49 (dd, IH, ArH), 7.44-7.39 (m, 5H, Arffs), 6.90 (d, IH, ArH), 6.25 
(d. IH. CH=CH), 6.05 (dt. IH. CH=CH). 5.37 (s, 2H. CHaPh), 2.08. (dt, 2H. 
C=CCH2), 1.67 (dq, IH, CHMez), 0.90 (d. 6H, (013)2). 

Step C; 




OTf O (1710 

To a solution of 0.3 g (0.9mmol) of compouad 171B in 20 mL of DCM was 
10 added 0.1 1 g (1.1 mmol) of TEA and 0.31 g (1.1 mmol) of trifluorosulfonic anhydride 
at O^C The solutiomvas stirred for 4 h at 0°C, wanned to rt overnight, diluted with 
DCM, and washed with brine and sat'dNaHCOs. The organiclayer was dried ov^ 
' MgS04 and concentrated. The residue was passed through a short bed of silica gel. 
The filtrate was concentrated to ^ve 0.35g (85%) of compound 171C as a pale yellow 
. 15 oil. 

StepD: 




20 
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A mixture of 0.35g (0.8 mmol) of compound 171C, 0.48 g (1.1 mmol) of 6- 
methoxy-3-tributylstaiman;^-pyridme-2-<:arbd 80 mg (0.1 mmol) of 

dicUoiobis(triphenylphosphiae)palladium(II), and 90 mg (1.1 mmol) of cupric oxide 
in 20 mL of DMF was stirred for 6 h at 80°C. The mixture was cooled to rt, 30 mL of 
5 sat'd KF solution was added, and the solution was stirred for 1 h at rt The mixture 
was filtered, the filtrate extracted with EtOAc, and the orgainc layer dried over 
MgS04 and concentrated. The residue was chromatographed over silica gel 
(EtOAcihexane, 3:7) to give 0.16 g (47%) of compound 171D. ^H-NMR (400 MHz), 
6 9.76 (s, IH, CHO), 8.03 (s, IH, ArH), 7.5 1 (dd, IH, ArH), 7.37 (d, IH, ArH), 7.28- 
10 7.10 (m, 5H, ArH's), 7.07 (d, IH, ArH), 6.81 (d; IH, ArH), 6.41 (d, IH, CH=), 6.32 
(dd, IH, =CH). 5.04 (d, 2H, OCH2), 4,00 (s, 3H, OCH3), 2.1 1 (m, 2H, =CCH2), 1.73 
(m, IH. CHMea), 0.93 (d, 6H, (^3)2). 

StepE; 

15 



To a solution of 80 mg (0,2 mmol) of compound 171D in a 10 mL solution of 
t-butanol:acetonitrile:water (6: 1 :2), was added 55 mg (0.60 mmol) of sodium chlorite, 
20 33 mg (0.24 mmol) of NaH2P04 • H2O, and 0. 1 mL of 2-methyl-but-2-Mie at O^C. The 
solution was stirred for 30 min at O^C, 2 h at rt, and fconcmtrated, ITie residue was 
taken up with EtO Ac and washed with brine. ITie organic layer was dried over 
MgSO^ and concentrated to give the above titled compound as a yellow oiL MS, m/z 
(M+l)+=446. 



HO' 




'C02Bn 



(ITIE) 
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StepF; Example 171 

To a solution of the add from Step E in SmL of DCM andSmLofDMFwas 
ad^ 25 mg (80 mmol) of NH2.4-dim^faoxy-baizyI)-isoquinolme-l,6-diamine, 17 
5 mg (88 mmol) of EDAC, 1 mg (9 mmol) of HOAT. and 1 mg (9 mmol) of DMAP. 
The solution was stiired for 12 h at it and conc^trated and the residue taken up with 
5 mL of anisole and 5 mL of TPA. Hie solution was tinea stined for 18 b at rt and 
conooitrated and the readue taken vsp with 10 mL of MeOH. N«ct, 0.2 g (3.5 mmol) 
of KOH was added to ttie solution, and it was stirred for 4 h at rt, then neutralized 

10 with IN HQ and concentrated. The residue was purified with HPLC using YMC S5 
ODS 20X100 column to give 22 mg of Example 171 as a white lyophalate. MS, m/z 
(M+l)*=497. 'H-NMR (500 MHz), 8 8.32( s, 2H, ArH's), 8.01 (s,lH, ArH), 7.90 (d, 
IH, ArH), 7.60 (d, IH, ArH), 7.57 (d, IH, ArH), 7.45 (d, IH. ArH), 7.17 (d, IH, 
ArH). 7.09 (d. IH, ArH), 7.06 (d. IH, ArH), 6.47 (d. IH, Ca=C), 6.38 (dt, IH, 

15 C=CH), 4.09 (s, 3H, CH3), 2,13 (m, 2H, =CCH2), 1.68 (m, IH, CHMea), 0.90 (d. 6H, 

(CH3)2). 



EXAMPLE 172 
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Step A: 




OH o (172A) 

5 To a solution of 6.5 g (36 mmol) of 5-fonnyl-2-hydroxy-benzoic acid methyl 

ester in 80 mL of benzene was added 0.68 g of toluenesulfonic acid and 4.5 g (43 
mmol) of 2,2-dimethyM ,3-propanediol at rt TTie solution was stirred for 6 h at reflux 
with continuous removal of water, then cooled to rt and concentrated. The residue 
was chromatographed with silica gel (EtOAcrhexane, 1 :9) to give 5.3 g (55%) of 
10 compound 172A as a pale yellow oil. 

StepB; 




OTf o (172B) 



To a solution of 5.3 g (20 mmol) of compound 172A was added 6.3 g (22 
mmol) of trifluoromethylsulfonic anhydride and 2.3 g (22 mmpl) of TEA The 
^lution was stirred for 18 h at rt and washed with brine and sat'd NaHCCb solution. 
The organic layer was dried over MgS04 and concentrated. The residue was 
20 chromatographed over silica gel (EtOAcrhexiane, 1:9) to give 6.5 g (77%) of 

compound 172B as a dark ofl. ^H-NMR (400 MHz). 6 8.21 (d, IH. ArH), 7.78 (dd. 
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IH, ArH), 7,30 (d, IH, ArH), 5.43 (s, IH. OCHO), 3.97 (s, 3H, OCH3), 3.79 (d, 2H, 
OCH2), 3.66 (d, 2H, OCH2), L27 (s, 3H, CH3), 0,82 (s, 3H, CH3). 



A mixture of 6.5 g (16.3mniol) of compound 172B, 7.6 g (17.9 mmol) of 6- 
methoxy-3-tributylstamian jd-pyridine-2-<^aldehyde, 1 .3 g (1 .79 mmol) of 
10 dicUorobis(triphenylphosphmc)palladium(n), and 1.4 g (17.9 mmol) of cupiic oxide 
in 40 mL of DMF was stirred for 6 h at 80^C. The mixture was cooled to rt, th^ 50 
naL of sat*d KF solution w^ added and the solution stirred for 1 h. The mixture was 
filtered, the filtrate extracted with EtOAc, and the orgainc layer was dried over 
MgS04 and concentrated. Tbe residue was chromatographed over silica gel 



15 (EtOAcrhexane, 3:7) to give 2.8 g (44%) of compound 172C *H-NMR(500MH2), 8 
9,81-(s,-lH,-CHp), 8.19-(d,-m. AiH),-7 Jl-(^^ 
IH, ArH), 6.94 (d, IH, ArH). 5.47 (s, IH, OCHO), 4.05 (s, 3H, OCH3). 3.79 (d, 2H, 
OCH^, 3.67 (d, 2H, OCH2). 3.66 (s, 3H. OCH3), 1.27 (s, 3H, CH3), 0.81 (s, 3H, CH3). 



iStepC; 



5 




(172Q 
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Step D; 




(172D) 



to a solution of 0.37 g (0.96 mmol) of compound 172C in a 20 mL solution of 
5 t-butanol:acetonitrile:water (6: 1 :2) was added 0.26 g (2.8 mmol) of sodium chlorite, 
0.13g(0.96nimol)ofNaH2PO4»H2O,and0.1 mL of 2-methyl-but-2-ene at O^C. The 
solution was stirred for 30 min at O^C, 2 h at rt, and concentrated. The residue was 
taken up with EtOAc and washed with brine. The organic layer was dried over 
'MgS04 and concentrated to give 0.30 g (78%) of compound 172D as a yellow oil. 
10 -MS,m/2(M+l)''==4Q2. ( . 

StepE; Exanaj)lel72 

To a solution of compound 172D in 10 mL of DCM and 10 mL of DMF was 
added 0.15 g (1.2 mmol) of S-amino-benzamide, 0.22 g (1.2 mmol) of EDAC, 15 mg 
15 (0.12 mmol) ofHOAT. and 14 mg (0.12 mmol) of DMAP at rt The solution was 
stin«i for 12 Iratlt^d COTCOTGat©^ 
MeOH and 0.2 g (3.5 mmol) of KOH was added. The solution was stirred for 4 h at 
rt, neutralized with IN HQ and concentrated. The residue was purified with HPLC 
using YMC S5 ODS 20X100 column to give 53 mg of Example 172 as a white 
20 lyophilate. MS, m/z (M+l)^=^06. ^U^mfiR (500 MHz), 5 9.86 (s, IH, NH), 8.13 (s, 
lH,ArH), 8.01 (S,lH,ArH), 7.72 (dd,lH,ArH), 6.67 <d,lH,ArH),^ , 
ArH), 7.45 (d, IH, ArH), 7.35 (dd. IH, ArH), 7.28 (d, IH, ArH), 6.96 (d, IH. ArH). 
5.36 (s. IH, OCHO). 4.04 (s. 3H, OCH3), 3.79 (d. 2H, OCHi), 3.68 (d, 2H, OCHj), 
1.28 (s, 3H, CH3). 0.80 (s, 3H, CH3). 
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EXAMPLE 173 



5 

Step A: 




2 g (7.8 mmol) of compound 171A fiom Example 171 was dissolved in 20 mL 
DCM vdth L7 mL (1 1.7 mmol) TEA. A solution of 1.97 mL (1 1.7 mmol) triflic 
anhydride in IS mL DCM was slowly added to tiie ph»ol soluticm at (fC. The 

^solution was stilled at It ovemightand washed^i^^ 

15 organic layer was dried and concmtrated and the product purified by column 

chromatography (BtOAcfliexane, 3:7) to give 2.7 g (90%) of compound 173 A. *H 
NMR (500 MHz), 5 10.14 (s, IH. CHO), 8.65 (s, IH), 8.23 (d, IH). 7.58-7.43 (m, . 
6H), 5.53(s,2H,CH2). 
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StepB 




(173B) 



5 2.7 g (7-0 mmol) of compound 173 A was mixed with 2.9 g (7.0 mmol) of 6- 

methoxy-2-Mbutylstaimyl-pyridine-3-carbaldehyde 492 mg (0.7 mmol) of 
PdCl2(PPh3)2, and 553 mg (7.0 mmol) of cupric oxide in 20 mL N,N-DMF. The 
reaction was refluxed at 1 IS'^C for 5 h. The mixture was cooled to rt and 20 mL of a 
sat'd solution of KF was added The reaction was stirred for one hour at rt and then 

10 concentrated, and the residue was taken up in EtOAc and extracted with water. TTie 
organic layer was dried and concentrated. The product was chromatogn^hed over 
silica gd (BtOAc/hexane, 3:7) to yield 347 mg (15%) of compound 173B. 



StepC; 




(173Q 



347 mg (6.92 mmol) of compound 173B together widi 0.04mL (0.65 mmol) 
ethylene glycol, and 25 mg(0.13 mmol) p-Tos-OH was dissolved in 20 ml benzene, 
the mixture was 5tin»d at reflux (SS'^Q for 10 niin. and was cooled to r^ Theabove 
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product was chromatographed over silica gel (EtOAc/hexane, 3/7) to yield 175 mg 
(45%) of compound 173C. 



StepD: 




To a s;uspension of 224 mg (0 34 mmol) isoamyl triphenylphosphonium 
bromide in 20 mL THF was added 0,3mL (0" 5 mmol) 1.6 M of butyl lithium in 

10 bexanes at ~78X. The suspension was stirred for one hour at O^C until it became a 
solution, A solution of 175 mg (0.42 mmol) of compound 173C in 10 mL THF was 
then added to the ylid solution at and stirred for 1 h. The reaction was 
concentrated and the residue taken up in EtOAc and washed with a safd NaCl 
solution. The organic layer was dried and concentrated and the product purified by 

15 column chromatography (1/4 EtOAc/Hexane) to give 120 mg (60%) of the desired cis 
product The ethylene glycol protectmg group was removed by dissolving the 

^conq>oundin-20mLTHF/H2O(10:l)and^ 

mixture refluxed at 70^C for 1 h and was concentrated. The residue was taken up in 
BtOAc and washed with a sat'd solution of NaHCQs. The organic layer was dried 

20 and concentrated to yield compound 173D. 

iStepE: Example 173 

The aldehyde from Step D was oxidized to a caiboxylic acid by dissolving 115 
mg (0.27 mmol) of the aldehyde. 97 mg (1.07 mmol) of sodium chlorite, and 0.13 mL 
25 of(1.21mmol)2-methyi-2"butOTeinl5mLt-BuOH/CH3CN/H20(6:L^^ 
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After a solution formed, 56 mg (0.40 mmol) of NaH2p04*H20 was added. The 
reaction mixture was stirred for 2 h at rt and diluted with water- The organic layer 
was extracted with EtOAc, dried and concratrated to give a quantitative yield of the 
desired acid. The acid was then coupled to the 1-amino isoquinoline amine coupling 
5 component and dqprotected as described in Example 171, step F, to give Example 
173. NMR (500 MHz), confirmed the ds product: 6 8.25 (s, IH, ArH), 8.24 (d, 
IH. ArH), 7.90 (s, IH, ArH). 7.85 (d, IH, ArH), 7.53 (d, IH, ArH), 7.38 (d, IH, 
AtH), 737 (d, IH, ArH), 7.14 (d, IH, ArH), 6.99 (d, IH, ArH), 6.97 (d, IH, ArH), 
6.45 (d, IH, CH), 5.74 (m, IH, CH), 4.05 (s, 3H, OCH3). 2,20 (m, 2H, CH2). 1.66 (m, 
10 lH,CH),0.88(d,6H,2CH3). 

EXAMPLE 174 



15 



20 




- StepAt- 




A mixture of 2 g (8.7mmol) of methyl 2-bromo-5-methylbenzoate, 1.86 g 
(10.4 mmol) of NBS, and 0.25 g (1.0 mmol) of benzoyl peroxide in 20 mL of CCI4 
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was stirred for 2h at reflux, cooled to rt and diluted with DCM. Tbie solution was 
washed with sat'd NaHC03. The organic layer was dried over MgS04 and 
concentrated. Hie residue was chromatographed over silica gd (EtOAc: hexane, 1:9) 
to ^ve 1,75 g (65%) of the compound 174A as a \^te solid, 'h NMR (500 MHz). 
5 87.80 (d, IH, ArH), 7.62 (d, IH. ArH). 734 (dd, IH. ArH). 4.42 (s, 2H, CH2)Br), 3.93 
(s,3H,CH3). 

StepB: 




Br o (174B) 

To a solution of 215 mg (2.44mmol) of neopentyl alcohol in 10 noL N,N-DMF 
was added 97 mg (4.05 nmiol) of NaH. The mixture was stirred at rt for iy2h until a 
solution formed. A solution of 500 mg (1.62 mmol) of compound 174A in 10 mL 
15 NJN-DMF was added and the mixture stirred at rt for 12 h and concentrated. The 
residue was taken up with EtOAc and washed with a sat'd solution of NaCl. The 
organic layer was dried over MgS04 and concentrated to give 170 mg (33%) of the 
ooupled product NMR (500 mHz) 5 7.87 (s, IH, ArH). 7.63 (d, IH, ArH), 7.33 
(d, IH, ArH), 4.42 (s, 2H, CH2), 3.04 (s, 2H, CH2), L17 (s. 9H, 3CH3). To convert 
20 the benzoic acid to the above-titled protected methyl ester, the benzoic acid was 

dissolved in MeOH. Hydrochloricacid gas was bubbled into the solution. Tbe flask 
was capped, the solution stirred for 4 h at rt, and the product concentrated under 
vacuum ovraiight ]MS, m/z (M+l)*=3 16. 

25 StepC: 
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OMe (174C) 

A mixture of 170 mg (0:54 mmol) of compound 174B, 230 mg (0^4 mmol) of 
stannene {see Ex. 70, step 70E), 43 mg (0.54 mmol) cupric oxide, and 38 mg (0.054 
mmol) of Pda2(PPh3)2 was dissolved in 10 mL of NJN-DMF, deoxygenated, and 
5 stiziedat 115^Cfor4h. Thereactionmixture wascooled tortand lOmLof asat^d 
solution of KF was added. The solution was stirred for Ih, and then. the reaction was 
concentrated and taken up in EtOAc arid extracted. The organic layer was dried over 
MgS04 and concentrated to give 360 mg (82%) of crade compound 174C, 

10 StepD; Exan^)lel74 

Compound 174C was converted to the corresponding 2-carboxylic acid using 
standard conditions. The acid was then coupled to the aminobenzimidazole amine- 
coupling component as in Example 70, step 70b, and deprotected using the DCM 
15 nPA, (1:1) and saponification to give Example 174. IH NMR (500 MHz), 5 7.98 (s, 
IH, AiH), 7.86 (s, IH. AiH), 7.56 (d. IH, ArH), 7.53 (d, IH, ArH), 7.25 (d, IH, 
ArH)77:2i(drlHrA3JI)r7.02(drll^^^ — 
3.19 (s. 2H, GH2), 0.94 (s, 9H, 3CH3). 
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EXAMPLE 175 



OMe 



StepA: 




250 mg (1.02 mmol) of methyl 2^bromo-5-methoxyben2X)ate, 433 mg (1.02 
: 10 mmol) of stannene {see Ex. 173, step C), 70 mg (0. 10 mmol) of Pda2(PPh3)2, and 
80.6 mg (1.02 mmol) of cupric oxide were dissolved in 15 mL NJsf-DMF. The 
mixture was deoxygenated and stirred at 1 15**C for 5 h. The reaction was cooled to it 
and 15mL of a sat'd solution of KF was added. The reaction was stirred at rt for 1 h, 
concentrated, and the residue was takrav^ in EtOAc and extracted The organic lay^ 
15 — ^wasdaedover-MgS04andconc»tratedto-yieldtheabove^a^ 

jStepB; Exanq)lel75 

100 mg (0.33 mmol) of the aldehyde from Step A was oxidized to a caiboxylic 
acid using conditions as described m Example 173, Step F. The acid was coupled to 
20 the amino benzimidazole amine-coupling coinponent and dq)iotected following stq) 
D of Example 174 to give Example 175. *H NMR (500 MHz), 5 7.78 (s, IH, ArH). 
7,47 (s, IH. AiH). 7.45 (d, IH. ArH), 7.18 (d, IH, ArH), 7.17 (d, IH, ArH), 7.06 (d. 
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IH, ArH), 7.05 (d. IH. ArH), 6.92 (d, IH, ArH), 3.99 (s, 3H, OCH3), 3.77 (s, 2H. 
OCH3). 

EXAMPLE 176 

5 • • 

OBn 



Step A; 




A mixture of 0.7 g (2.2 mmol) of 5-beiizyloxy-2-bioiiio-ben2oic acid methyl 
ester [prepared according to Hoarau et al. Synthesis, Vol. 5 (2000) at pp. 655-66)], 
0.93 g (2.2 mmol) of stannene {see step 173C), 0.15 g (0.2 mmol) of Pdd2(PhPh3)2, 
- andOd7g(2;2mmoI)-ofciq)ricoxidein20ml7ofNrN=Dl^ 

15 80°C Hie mixture was cooled to it and 30 mL of sat*d KF solution was added. The 
mixture was stirred for Ih at It and then filtered. The filtrate was extracted with 
EtOAc, and the organic layer dried over MgS04 and concentrated. The residue was 
chromatographed over silica gel (EtOAc:hexane. 3;7) to give 0.51 g (61 %) of 
compound 176A. NMR (400 MHz). 5 9.83 (s, IH, CHO), 7.67 (d, IH. ArH), 7,46- 

20 7.32 (m, 7H, ArH's), 7.15 (dd, IH, ArH), 6.94 (d, IH, ArH), 5.13 (s, 2H, CH2O), 4.07 
(s. 3H, (X:H3), 3.64 (s, 3H, OCH3). 
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iStepB: 



OBn 



Boc H 




(1703) 
5 

400mg (1.06nmiol) of compound 176A was oxidized to the conesponding 2- 
caiboxylic acid and tbe acid was then coupled to the amino benzimidazole amine- 
coupling component following stqp D of Example 174 to provide con^und 176B. 

ID Step C; Exanq)le 176 

Compound 176B was depiotected with KOH in MeOH and water and 
subsequ^tly TFA in DCM to provide Example 176. NMR (500 MHz), 57,78- 
:6.91(13H, ArH's), 5.06 (s, 2H, CH2), 3.99 (s, 3H, OCH3). 
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EXAMPLE 177 



5 

Step A: 




10 Compound 176B was bydiogenated at 40 psi in the presence of Pd/C catalyst 

overnight to remove the b^izyl group to provide compound 177A. 

StepB : ^Example 177 

10 mg (0.018 mmol) of compound 177A was dissolved in 10 mL of acetone 

15 with 4 mg (0.028 mmol) potassium caAonate and 6 mg (0.036 mmol) of 1-bromo- 
3,3-dimethyl butane. The mixture was stirred at leflux (eS^'Q overnight and 
concentrated. KOH in MeOH and water were added to the reaction which was then 
stirred for several hours. Purification by prep HPLC yielded Example 177. MS, m/z 
(M+l)*=504. 
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EXAMPLE 178 




Compound 177A was treated with KOH in MeOH and water to ^ve Example 
178 above. MS, m/z (M+l)*=420. 



.10 



EXAMPLE 179 



H k 




step A! 



15 



H 




(179A) 
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H ^ 




HN- 

To a suspension of ester iN"'^^^ (2.0 g, 6.15 mmol) in 

DCM (50 ml) at -78 °C was added a solution of DBAL in DCM (l.OM, 35 ml). Hie 
mixture was stirred at -78 for 1 h, wanned to rt and quenched with the addition of 
MeOH (5 ml) and 1 N HCl (5 ml). Th& mixture was diluted witii EtOAc, washed witii 
brine, dried (MgS04) and concentrated to give compound 179A (1.50 g) as a yellow 
solid. LC-MS; QA+Hf^29&. 



15 



StepB: 



10 Yl^^s^J^ (179B) 



To a susp^ision of alcohol 179A (900 mg, 3.0 mmol) in DCM (25 mL) was 
added BrjPPhs and the resulting mixture was stirred at RT for 4.5 h. The solvent was 
removed to give the bromide 179B as a semi-solid. • 

Step C; 

H 



(179Q 



20 To a solution of crude 179B in tolu^e (20 ml) was added triph^ylphosphine 

(945 mg, 3.6 mmol). The mixture was heated at 60**C for 1 L Etiiyl ether (20 ml) was 
added, and the solid was collected by iBltration, washed with ethyl etiier, BtOAc, THF, 
10% DCM/ethyi ether and acetonitrile to give compound 179C (915 mg) as a li^t 
gray solid. 

25 
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StepD: 




OHC, 



OMe 



(179D) 



Q: 




H 
N 



Ph 



5 



A mixture of inflate OTf O 



(1.0 g, 2.11 mmol) (compound 201A), 




(1.46 g, 3.42 mmol), CuO (168 mg, 2.11 mmol) and 



Pda2(PPh3)2 (130 mg) in DMF (10 ml) was degased and heated at 105°C for 1 h. 
HPLC showed completion of the reaction. The reaction was diluted with EtOAc (100 
ml), washed with 1 N HCl, saturated NaHCOa solution, brine, dried (MgS04) and 
10 concentrated to give the cmde product Purification of the crude product by flash 
column chromatography (silica, 10-30% EtOAcfliexane) gave 179D (915 mg) as a 
yellow solid. 



StepE; 

15 




OMe 



(179E) 
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To a suspension of 179C (203 mg, 0,33 nunol) in THF (6,0 ml) at -78*^0 was 
added NaHMDS (1.0 M in THF, 730 fil). The mixture was stined at -78 for 30 
min and then stined at -30 °C for 10 min. A solution of 179D (140 mg, 0.3 mmol) in 
5 THF (2 ml) was added, and the mixture was slowly warmed to rt during 1 h and 

stirred at rt for 30 min. The mixture was th» diluted widi EtOAc, washed with water, 
brine, dried (MgS04) ai^d concaatrated to give the crude product as a yellow foam 
(220 mg). The crude product contained both trans and cis isomers. After storing at 
room temperature for S days, the crude product (120 mg) was recrystallized £rom 
10 MeOH to give .179E (18 mg) as a yellow solid. 

Step F; Example 179 

A mixture of 179E (12 mg, 0.016 mmol), Pd/C (10%, 2 mg) and 1 N HCl 
15 solution (20 |il) in dioxane (1.5 mL) was stirred under hydrogen atmosphere 

(hydrogen balloon) at rt for S h. HPLC indicated completion of the reaction. The 
reaction mixture was filtered through a celite cake, evaporated and lyophalized to give 
Example 179 (5.'6 mg) as a white fluffy powder. HPLC: 91% puritjr, MS: 
(M+H)*=527. 

20 

EXAMPLE180 
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TTie above compound was prepared using the procedure to prepare Example 
171, except 2,6-Diainino-ben2oimidazole-l-<arboxylic acid tert-butyl ester was used 
in Step F. MS. m/z, (M+l)*=486. 'H-1HNMR(400MHz). S7.96 (d, IH, ArH), 7;87 . 
(d, IH. AiH), 7.58 (d, IH. ArH), 7.38 (dd, IH, ArH), 7.27 (2s, 2H, ArH's). 7.21(d, 
5 IH. ArH), 7.03 (d, IH, ArH). 6.52 (d, IH, CH=), 5.81 (dt. IH. =CH). 4.11 (s. 3H. 
OCH3), 2.27 (m. =CCH2), 2.75 (m, IH, =C:(XH). 0.95 (d, 6H, 2(^3)2). 

EXAMPLE181 

10 




A mlxtme of 5 mg of Bxaiiq>le 180 and 10 mg of Pd/C in 20 mL of MeOH 
was hydiogenated at 40 psi for 3 li and fiUteied. The filtrate was concoitrated and the 
15 residue purified with HPLC using YMC S5 ODS 20X100 column to gjve 2 mg of 
Example 181. MS, mfe (M+l)*=486. 'H-lHN^!R(400MHz), 87.65 (s, IH, 
ArH).7.54 (s, IH, ArH), 7.46 (d, IH, AiH), 7.14 (d, IH, ArH)^ 7.07 (2s. 2H, ArH's), 
6:97-(d.nH,-ArH)76:84~(driH,l"ffl)73:94-(sr3H.~0^ 
(m, 2H, ArCCHo), 1.49 (m, IH, ArCCGCH), 1.05 (m, 2H, ArCCCHa). 0.71 (d, 6H, 
20 2(CH3)2). 

EXAMPLE182 
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Step A; 




(182A) 



5 To a solution of 3-hydroxy-4-fluoroben2oic acid (2, 1 g, 13.45 nmol) in DCM 

<50 mL) was added 2;Z-<iiniediylpropylamine (1,76 g, 20.2 mmol), DIG (2.53 mL, 16 
mmol), and HOAT (2.2 g, 16 mmol). The mixture was stined at rt overnight The 
leactionmixdue was diluted with ethyl elher (50 mL) and failed. Thefiltratewas 
washed wifli IN HCl solution, sat'd NaHCQs and water, then dried (MgS04) and 
10 concentrated to give the erode product which was purified by flash chiomatography 
(30-50% BtOAc/liexane) to give conq)Ound 182A (3.0 g, ^% yield). 

Step B: 




F (182B) 

To a solution of con^KMmd 182A <3.0 g, 13.3 mmol) in DCM (30 mL) was 
15 added pyridine (5.4 mL, 67 mmol) 4md (riflic anhydride (4.48 mL, 26.6 mmol) at O^C. 
The mixture was stirred at rt for Ih. Tlie reaction was qumched with the addition of 
water (50 mL) at ff^C and ^tracted with aOAc. The extracts were combined and 
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washed with IN HCl solution, sat*d NaHCOa and brine, then dried (MgS04) and 
concentrated to give the crude product which was purified by flash chromatography 
(20-30% EtOAc/hexane) to give compound 182B (4.42 g, 93% yield) as a Ug;ht 
yellow oil. 

5 Step C; 




F (182C) 

A mixture of compound 182B (4.1 g, 1L5 mmol), MeOH (10 mL), TEA (3.2 
mL), DPPF (380 mg) and Pd(OAc)2 in DMF was heated at 60**C for 4 h with the 
bubbling of carbon monoxide. The reaction was cooled to rt, quenched with water 
(50 mL) and extracted with ethyl ether (5 x 50 mL). The extracts were combined and 
washed with IN HQ solution, sat'd NaHCOa arid brine, then dried (MgS04) and 
concentrated to give the crude product. Purification by flash chromatography (20- 
30% EtOAc/hexane) gave compound 182C (2,1 g, 68% yield) as a white solid 

StepP: 
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10 
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(130 mg, 0-68 mmol) and DIPEA (1.0 mL) in DMSO (2.0 mL) was heated at 120*^0 
for 3 days. Hie reaction was then cooled to it and diluted with EtOAc, washed with 
water (50 mL) and brine, dried (MgS04) and concentrated to give the crude product. 
The crude product was purified by RP preparative HPLC Hie purified product was 
5 collected, concentrated, neutralized with sat'd bicarbonate solution, and extracted 
with EtOAc. The extracts w^ combined and concentrated to give con^undi 182D 
(72 mg, 36% yield). 

StepE; 




■10 " To a solution of compound 182D (70 mg, 0. 16 mmol) in CH2CI2 (L6 mL) was 
added TFA (0.8 mL). The mixture was stirred at it for 5 h. The solvent and excess 
TFA were removed under vacuum to give the crude product The crude product was 
dissolved in MeOH and passed through a PVP resm column to ^ve conqK>und 182E 
(60mg). 



15 StepF; 




A mbcture of compound 182E (30 mg, 0,077 mmol), 2-(CBZramino)-5- 
aminobenzimidazole (24 mg, 0.085 mmol), DCC (18 nag, 0.085 mmol), HOAT (5 
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mg) and DMAP (several crystals) in DMF (2 mL) was stirred at rt overnight The 
reaction mixture was filtered and concentrated. The residue was purified by flash 
chromatography (10-20% MeOH/ CH2a2) to give compound 182F (45 mg). 

Step G: Example 182 

5 A mixture of compound 182F (42 mg, 0,064 mmol), IN HQ (64 fiL, 0.064 

nmiol), Pd/C (10%, 10 mg) in MeOH (2 mL) was stirred under hydrogen atmosphere 
(hydrogen balloon) at rt for 2 h. LCrMS indicated the completion of the reaction. 
The reaction mixture was filtered through a 4 |i microfilter and concentrated to give 
Example 182 (35 mg) as a yellow solid. 

10 • 

EXAMPLE183 



/ 




50% NaOH solution (0.5 mL) was added to a solution of Example 182 (35 
: 15 mg) inMeOH/THF/H20 (3:l:l, 2mL). The mixture was stirred at rt for 2.5 h. /LC- 

MS indicated the reaction was complete and then the reaction mixture was neutralized ' 
to pH = 5 using 6 N HCl and concentrated to give the crude product Purification of 
Ihe crade product by RP preparative HPLC yielded Example 183 (24 mg, TFA salt) as 
a wlute powder. MS: (M+H)*==507. 
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EXAMPLES 184-190 




The compounds of Examples 184-190, having the formula (Im) above wherein 
;the groups -MCHR2>-X2(Ri)- together have the values shown in Table 10, were 
prepared following the same or similar procedure as in Examples 182 and 183, using 
an appropriate amine in Step D. 

10 TABLE 10 



Ex. 


-L-CH(R2)-X2(Ri)- 


MS (M+SH 


1^ 




507 








185 


H ^ 


479 


186 


o / 


515 
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Ex. 


-L-CH(R2)-X2(Ri)- 


MS(M-t«>t- 


187 


R / 
N 1 

" 0 


529 


188 


o 1 


493 


189 


o / 


493 


190 


» O 


543 



EXAMPLE 191 




CO2H 



Step A : 




C02t-Bu 
OTf (191A) 
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Compound 70C from Example 70 (6.00 g, 16.2 mraol) was treated with 
neopentylamine (1.9 mL, 16.2 mmol) following the procedure described for the 
preparation of compound 3 A in the synthesis of Example 3* Chromatogr25)hy on 
5 silica gel (hexane-EtOAc, 75:25) provided 6.04 g of compound 191 A as a white solid 

StepB : 

SnBua 





(191B) 

SnBua 



10 



Aldehyde (636 g, 16.0 mmol) {see Ex. 207, step A) was 
convated to the caiboxylic acid upon treatment with sodium chlorite as described for 
the preparation of compound 70C in Example 70 to afford 7.71 g of the acid as an oil. 
The acid (7.70 g, 16 mmol) was mixed with 30 mL of DMF, cesium carbonate (2.61 
15 g, 8 mmol), and methyl iodide (1.2 mL, 19.2 mmol) . The mixture was stirred for 17 
h and then diluted with EtOAc and water. The EtOAc was washed with water (2x), 
dilute sodium thiosulfate (2x), and water (2x), dried (sodium sulfate), and 
concaitratedtoanoil. Qiromatognqphy of the oil over silica gel using hexane-EtOAc 
^^(first80:20,-thea-75:25) afforded 4.90 gotthemet^ 



20 oil. 



StepC : 
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A mixture of compound 191B (4.90 g, 1 1.5 mmol) and 2.90 g of 77% pure 3- 
chlbroperoxybenzoic acid in 70 mL of DCM was stirred for 19 h and then 
concentrated to a residue, which was taken up in EtOAc. Hie EtOAc was washed 
5 with dilute NaHCQs (2x) and water (4x), dried (sodium sulfate), and concentrated to 
give 5.09 g of crude compound 191C as an oil. 

StepD : 




Tfeatment of compound 191 A (3.45 g, 7.85 mmol) and 191C (4.03 g, 9.1 1 
mmol) with dichloiobis(triphenylphosphine)palladium(IQ and powdered copper (U) 
oxide in DMF as described for the preparation of compound 70E in the synthesis of 
15 Example 70 gave 6.93 g of crude compound 191D, which was chromatographed over 
silica gel using 1-4% MeOH in DCM to give 2.42 g of compound 191D as a white 
amorphous solid 



StepE : 
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Thfluoroacetic anhydride (1.4 mL, 10 mmol) was added to compound 191D 
(443 mg, 1 mmol) in 3 mL of DMF and the solution was stirred for 19 h at rt. The 
solvent was lemoved in vacuo and the residue takoi up in EtO Ac The EtO Ac was 
5 washed with water (2x). cautiously with dilute NaHCOa (2x), and water (2x), dried 
(sodium sulfate), and concentrated to give 525 mg of crude compound 191E as a 
yellow oil. 



StepF : 




A mixture of crude compound 191E above (523 mg) in THF (3 mL), water (2 
mL), and .4.5 mL of 1 N NaOH was stirred at rt for 7 hours, acidified with 1 N HO, 
and concentrated to a wet residue, which was taken up in EtO Ac and water. After 
three extractions with EtOAc, the aq. layer and suspended solids were extracted with 
15 a small amount of chloroform (2x). The combined organic extracts were washed with 
water (3x), dried (sodium sulfate), and concentrated to give 351 mg of compound 
19 IF as an amorphous white solid. 
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Step G: 



OMe 




oJJ< 

C02t-Bu 

O (191G) 
Compound 19 IF (257 mg, 0.60 mmol) was treated with amine-coupling 
component ftom Scheme X (212 mg, 0.58 mmol) in DMF as described for compomid 
194D in Example 194 to provide 217 mg of compound 191G as an amorphous residue 
after chromatography on silica gel using 2-5% MeOH in DCM. 



StepH: 

OMe 



10 6SO2CF3 




C02t-Bu 



(191H) 



A mixture of compound 191G (21.5 mg, 0.03 mmol), N- 
phenjdtrifluoiomethylsulfonimide ( (^)^^^^^^^^ (jq 7 ^g, 0.03 mmol), 0.6 mL 
DCM. and TEA (5 ^L, 0,036 mmol) was stirred ovemigjit at rt Additional DCM (OJ 
15 mL) was added along with TEA (5 nL, 0.036 mmol), and the reaction was stined for 
20 h longer and diluted with DCM. The DCM was washed with water (2x), dried 
(sodium sulfate), and concentrated to a residue, which was chrbmatographed over 
siKca gel using 1-2% MeOH in DCM to give 14 mg of conqwund 191H a^ 
residue. 
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Step I : 



OMe 




(1911) 



5 A mixture of compound 191H (14 mg, 0.016 mmol), tributyl(vinyl)tm (6 pL, 

0.02 nimolX copper (II) oxide (1 .3 mg, 0.02 mmol), 0.5 mL of degassed DMF, and 
0.8 ing of dichlofobis(triphenylphosphine)palladium (H) was stirred at 1 10 "^C for one 
hour, cooled, and filtered using EtOAc. Hie filtrate was washed with water (4x), 
dried (sodium sulfate), and concentrated to a residue, which was chromatographed 
10 over silica gel using 1-2% MeOH in DCM to give 9 mg of compound 1911 as a glassy 
residue. 

Step J : Example 191 

15 TPA (0.3 mL) ,was added to a mixture of compound 1911 (9 mg, 0.012 mmol) 

in anisole (7 jiL, 0.06 nunol). The reaction was stirred for 3 h, diluted with several 
drops of water, and concmtrated to a residue, which was applied in MeOH to a 
column of SCX resin. After washing with MeOH, the colmnn was eluted with 2 M 
animonia in MeOH. Conc^itratiGn of the eluate gave a solid which was dissolved in 
20 DCM and several drops of TFA. Concentration of the mixture gave a residue, which 
was triturated with ether to give 6 mg of Example 191 in the TFA salt form as a solid. 
MS (M+H)*=^24. 
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EXAMPLE 192 




Treatnmt of compound 191G from Example 191 (10.2 mg, 0.014 mmol) with 
TFA and anisole as described in the last step of Exan^le 191 afforded 6 mg of 
Example 192 in the TFA salt form as a solid. MS (M+S)'*^=514. A tautomeric form of 
Example 192 wherein the lower keto group (=0) is replaced with hydroxy (-OH) may 
10 exist in the presence of some solvents or under different physiological conditions. 



EXAMPLE 193 




Step A ; V 




(193A) 
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PPha (22,0 mg, 0,084 mmol) was added to a solution of compound 19 IG from 
Example 191 (20.0 mg, 0.028 mmol) in THF (1 10 pL). EtOH (10.0 jiL. 0.168 mmol) 
was added followed by DIAD (17.0 jiL. 0.084 mmol). After 3 h, the reaction mixture 
5 was placed on top of a SCX cation exchange cotamii (CUBCXHL3R3, 300 MG) 
which had been conditioned with MeOH (1.5 mL). The column was washed with 
MeOH (3 X 1.5 mL) and thai duted with 2.0M NHsMeOH (1 .5 mL). The filtrate was 
cone, to give 21 mg (100%) of Example 193A. 

10 Sto)B ; Example 193 

TFA (150 jiL) was added dropwise to a stirred solution of compound 193A 
(2L0 mg, 0.028 mmol) in DCM (200 fiL) and anisole (25 pL). After 3 h, the reaction 
mixture was placed on top of a SCX cation exchange column (CIJBCXHL3R3, 300 
MG) which had been conditioned with MeOH (1.5 mL). The column was washed 
15 with MeOH (2 x 1.5 mL) and dien eluted with 2.0M NHa/MeOH (1.5 mL). The 

JBltrate was cone, and placed und» vacuum. The residue was dissolved in DCM:TFA 
(3:1). The solution was cone, and the residue dissolved in MeOiH. The solution was 
cone, and placed under vacuum to give 13.7 mg (74%) of Example 193 as the TFA 
salt MS (M+H)*^42. 
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EXAMPLE 194 




CX)2H 



5 Step A: 



OHC, 



B(OH)2 



Ph 




(194A) 



OHC 

fVoH 

Compound 194A was prq)ared fix»m \=/ (3-hydroxybenzaldehyde) 
10 as described: G. M. Keseru, et aZ., Tetrahedron. Vol. 48 (1992), at pp. 913-922. 



SteoB; 



OHC. 




(194B) 
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::H2Ph 

Compound 194A (154 mft 0.60 mmol), compound OTf (284 mg, 

0.60 mmol) (see WO 99/41231), potassium i*iosphale (191 mg. 0.90 nnnol), and 
teti:akis(triphra^phosphme)palladium (21 mg, 0.018 mmol) in 2.5 mL of degassed 
DMF were heated at lOO^'C for 40 min., cooled, diluted with ice-cold water, and 
extracted with EtOAc. The EtOAc was washed with brine (2x), dried (MgS04), and 
concentrated to an oil, which was chromatographed over silica usmg 3-5% EtOAc in 
DCM to give 208 mg of compound 194B as an amorphous solid. 

StepC: 




HaPh 



10 OCHaPh (194C) 

Treatment of coimpound 194B (202 mg, 0.377 mmol) with sodium chlorite as 
described for the preparation of compound 70C in Exanq)le 70 afforded 216 mg of 
crude compound 194C as a white soUd. 

15 StepD; 




IJ 

2** (194D) 
A mixture of compound 194C (83 mg, 0.15 nmiol), amine-coupling 
con^noit from scheme K (39 mg, 0.15 mmol), HOAT (2 mg, 0.015 mmol), EDAC 
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(38 mg, 0.20 mmol), and DMAP (Img, 0.008 imnol) in 0.8 mL of DMF was stirred 
for 17 h at rt and diluted with EtOAc and water. After extraction with EtOAc (2x), 
the EtOAc was washed with brine (3x), dried (sodium sulfate), and concentrated to an 
oil which was chromatogrqihed on silica gel using 1% MeOH in DCM to provide 63 
5 mg of compound 194D as an amorphous residue. 

StepE; Example 194 

A mixture of compound 194D (23 mg, 0.029 mmol), THF (800 \£L\ water (60 
jlL), and 1 N NaOH (145 |LiL) was stirred at It for 22 hours, acid^ 
10 HQ, and concentrated to a gum. MeOH, water, and TEA wctc added and the solution 
was concentrated to a gum, which was triturated with water to give 7,8 mg of 
Example 194, above, in the TFA salt fonn as a solid. MS (M+H)"*^=592. 

EXAMPLE 195 

15 




OH 



Compound 194D from Exairq)le 194 (37 mg, 0.047 mmol) was hydrogenated 
in 1.4 mL of MeOH and 0.4 mL of dioxane in the picsrace of 12 mg of 10% Pd/C for 

20 21 h at one atmospb^. The catalyst-<X|ntaiiung precipitated product was collected 
by filtration and stirred with 2.5 mL of MeOH and several drops of TFA and filtered. 
Conc^tration of the filtrate gave a gjassy residue, which dissolved in DCM and 
several drops of TFA and stirred for one hour. Concentration of the solution afforded 
12.4 mg of con^>ound Example 195 in the TFA salt form as an amorphous solid MS 

25 (M+H)^=502. 
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EXAMPLE 196 




CQ2CH3 



Treatment of Example 195 (10 mg, 0.016 mmol) in 1 mL of MeOH and 0.4 
mL of ether with excess ethehil diazomethane for 1 h provided 9.3 mg of Example 
196 as a glassy residue. 



10 EXAMPLE 197 




0CH3 • 



Amktore of compound 196 (9 mg/0.014 mmol), 04 mL of TEIF, 3^ 
^15 wata:, and 70 pL of LO N NaOH was stirred for 4 h, acidified to pH L5 with 1.0 N 
HCl and concentrated to a gum» which was triturated with water to give 3.7 mg of 
Example 197 in the HQ salt form as a solid MS (M+H)*=616. 



EXAMPLE 198 

20 
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Step A: 




OCHsPh (198A) 

5 Coimpoiiiid 194C from Example 194 (294 mg, 0.533 mmol) was treated with 

.ainine-couplmg component X firom Sch^e xx (167 mg, 0.S33 mmol) in DMP, using 
the method described for the preparation of compomid 194D in Example 194 but 
substituting DCC for EDAC Aft^ chromatography on silica gel using 1-2.5% 
MeOH in DCM, 311 mg of Compound 198A (311 mg) was obtained as a foamy 
10 residue. 

StepB; 




A solution of compound 198A (49 mg, 0.06 mmol) in 0.6 mL of MeOH, 0.4 
mL of THF, and 18 fiL of 0.5 N sodium methoxide in MeOH was stirred for 18 h at 
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It An additional 0.5 N sodium methoxide in MeOH (12 |iL) was added and the 
reaction was lefluxed for one hour. After neutralization with acetic acid, the reaction 
was concentrated and chromatographed over sihca gel using 1-2 J% MeOH in DCM 
to give 26 mg of compound 198B as an amorphous residue. 

5 

StepC; Exan^le 198 

Compound 198B (24 mg, 0.0324 mmol) was hydrogMated in 1 mL of 1HF 
and 1 mL of MeOH in the presence of 8 mg of 1 0% Pd/C at one atmosphere for one 
10 hour to ^ve, after concratration from TEIF, 21.5 mg of Example 198 as an amorphous 
solid. 
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EXAMPLE 199 




S BtOH (4^ (iL. 0.065 mmol) was added to a solution of Example 198 (19.0 

mg, 0.037 mmol) and KPI13 (19.4 mg, 0.074 mmol) in DMF (300 jiL). DIAD (14.6 
jiL, 0.074 mmol) was added. After 24 h, the reaction mixture was placed on top of a 
sex cartridge (300 mg) which had been conditioned with MeOH (2 x 1.5 mL). The 
column was washed wifli MeOH (2 x 1.5 mL) and the product eluted with 2.0 M 

lb Ifflb^eOH (1.5 mL). The duant was conooitrated to ^ve 12.7 mg (63% - crude 
yield) of Example 199. 

EXAMPLE200 




O 

15 \ 

IN NaOH (0.20 mL) was added to a solution of Example 199 (22.0 mg, 0.040 
mmol) in THF (0.45 mL) and H2O (50 |jL). After 12 h, the reacaon mixture was 
direcdy purified by PREP flPLC using a gradient of 0 tol00% sdvent B (9:1 
20 MeOI]/H20 with 0.1%TFA) ova- 8 min at 20 mL/min (column: YMC S5 ODS (20 x 
100 mm)). 2.8 mg (11%) of Exan^jle 200 was obtained in the fomof the TFA salt 
Msa^+H)* = 530. 
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EXAMPLE 201 

5 




Step A: 

10 




OTf O (201A) 
To a suspension of EDC (2.08 g, 10.9 mmol) in THF (100 ml) was added 

O^OH 




15 Inflate compound cm o (4.01 g, 9.92 nunol) followed by HOAT (1.49g, 10.9 

mmol). CH2CI2 (30 ml) was added and the reaction mixture was stirred at it for 1 h. 
Neopentyl amine (3 ml) was added followed by iPriNEt (3 ml) and the reaction was 
stirred ovemiglit Productwascxtractedinto EtOAc(200ml) which was washed 
~~sequ©ffiaUywttilNH^ 

20 aqueous layers were back-extracted in the order generated with EtOAc (20Qml). The 
combined EtOAc extracts w^e dried over MgS04, filtered, and concentrated. Flash 
filtration through silica gel eluting with CH2CI2 provided compound 201A (4.12 g). 
MS/(M+H)+ = 474.35. 

25 StepB: 
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(201B) 



To a solution of compound 201 A (700 mg, 1,48 mmol) in nitrogen degassed 
diy DMF (10 ml) was added 3-fonnylthiophene-2-boronic acid (230 mg, L48 mmol), 

5 Pd(PPh3)4 (86 mg, 0.07 mmol), and K3PO4 (788 mg, 3.7 mmol). The reaction was 
degassed with nitrogen for 30 minutes, sealed and then heated to 95^C for 6 h. The 
reaction was partitioned between EtOAc (75 ml) and water (75 ml). The organic 
layer was separated, dried over MgS04, filtered and concentrated to a brown residue. 
Purification by flash chromatography (Biotage silica cartridge 40S with a step 

10 gradient of 0-15-25% EtOAc in hexane) provided compound 201B (380 mg), 

StepC : 




15 To a solution of compound 201B (380 mg. 0.87 mmol) in 

tBuOH:CH3CN:H20 (6:1:2, 20 ml) was added 2-mediyl-2-butene (2 ml), 
NaH2P04.H20 (144 mg, 1.04 mmol) and lastiy Naa02 (394 mg, 436 mmol). Hie 
reaction was stirred at rt for 6 h. Reaction was partitioned betwewi EtOAc and IN 
HClibrine (1:1). Hie organic layer was sq)arated, dried over MgS04, filtered and 

20 concentrated to provide compound 201c (390 mg). (M+H[)+ = 452.31. 

StepD : 
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(201D) 



To a solution of compound 201D (30 mg, 0.067 mmol) in THF:CH2Cl2 (2:3, 
2.5 ml) was added EDC (17 mg, 0.088 mmol), HOAt (12 mg, 0.088 mmol), and 
5 DMAP (1 1 mg, 0.088 mmol), followed by 2-<CBZ-amino)-S>anmiobenzimidazole (20 
mg, 0.7 mmol) and iPrsNEt (200 (jL). The reaction was stirred overnight at rt. The 
reaction was diluted with EtOAc (-10 ml) and washed witti satM NaHCCb, water and 
brine. The EtOAc extract was dried over MgS04, filtered and concentrated. 
'Purification by preparative HPLC (YMC ODS S5 C18 20x100 mm, 20-100%B, 10 
10 min gradi 2 min. hold, 20 ml/min: A = 10%MeOHAVater + 0. 1%TFA, B = 
90%MeOHAVater + 0.1%TFA) gave compound 201D. CM+H)+ = 716.39. 

gtepE : Example 201 

Compound 20 ID was taken up in THF (2.5 ml) and treated with 
15 cyclohexadiene (0.5 ml) and 10%Pd/C (40 mg). The reaction mixture was aggitated 
at rt for 6 hours. The reaction mixture was then filtered through a plug of celite and 
the plug was washed with TEIF. The ehxeoi was reduced under vacuum to provide 
Example 201(5^ m^^(M+H)+= 492.07. 

20 EXAMPLES 202-206 



-145" 



wo 02/42273 



PCT/US01/468S4 




Compounds baving the formula (In) wherein '"B" has the values listed in Table 
5 11 wete prepared following the same procedue described in Example 201 and 
previous examples and schemes. 



TABLE 11 



Ex. 



B 



MS 



202 




466.41 



203 




466.41 



204 



503.30 



205 



206 






JSk. 




i 

) 



450.10 



492.09 



H S- 
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EXAMPLE 207 



5 

Step A : 




Compound 207 A was prepared using the general procedure for the 
10 stannylation of pyridine caiboxaldehydes described in J. Heterocyclic Chem > Vol. 3 1 , 
(1994), at p. 1 161. To a soluticm of A;//,iV'"trimethylethylencdiamine (6.12 ml, 48 
mmol) in THF (150 nd) at -VS'^C was added 2.0M nBuIi (22 ml, 44 mmol). 
Appioxiniately-lS minrlat^,-2-pyHdinecaiboxalddbiy^^^ 
and the mixture was stirred at -78 ®C for 15 nain. A second portion of 2.0 M nBuIi 
15 (40 ml, 80 mmol) was added and the reaction was stirred at -78 for 1.5 h and then 
-42 for 4 iL The reaction was cooled agam to -78®C and tributyltin chloride (27.3 
:g, 84 mmol) was added. The cooling bath was removed and the reaction was allowed 
towann to rt The reaction was quenched by pouring ovct ice cold brine (200 ml). 
Hie product was extracted from the brine with diethylether (300 mlx3). The organic 
20 phase was dried over MgS04, filtered and concentrated. Purification by flash 
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chromatography (silica gel, 0-10% EtOAc/Hexane) gave stannane 207A (7.04g); IH- 
NMR: 50.86 (t, 9EJ = 7.3). 1.0-1.19 (m, 6H). 1.22-1.35 (m, 6H), 1.4-1.55 (m, 6H), 
7.43 (dd, IH J = 7.2, 4.7). 8.03 (d, IH, j = 6.8), 8.73 (d, lUJ = 4.6), 10.06 (s. IH)- 

5 StepB : 




To a solution of compound 207 A ( 1 .4 1 g, 3.59 dmuoI) and tiiflate compound 
70D (1.5 g, 3.26 mmol) in nitrogen degassed dry DMF (12 ml) was added 

iO PdCl2(PPh3)2 (150 mg, 0.21 mmol) and powdered CuO (190 mg)- The reaction was 
degassed for 5 min, sealed and heated at 1 lO^C for 1.25 h. The reaction was diluted 
with diethyl ether which was then washed with satM NaHCOa and brine. Hie organic 
layer was dried over MgS04, filtered, and concentrated. Purification by flash 
chromatography (silica gel, 0-30% EtOAc in hexanes) gave compound 207B (0.84 g); 

15 (M+H)+= 418.2. 



StepC: 
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CoDopound 207C was prepared firom 207B (0.84 g mg, 2.01 mmol) following 
the same procedure as in Example 201, step C, scaling the reagents appropriately. 
(M+H)+ = 434.44. 

5 StepD : 




(207D) 



To a solution of compound 207C (0. 17g, 0.392 mmol) in acetonitrile (10 ml) 
at rt was added EDC (0.1 12 g, 0.589 namol), HOAT (O.OSlg, 0.589 mmol) and 1- 
10 BpC-2,6-diaminobenzamidazole (0.106 g, 0.431 mmol). The reaction was stirred at 
rt for 18 h. The reaction was diluted with EtOAc which was then washed with IN 
HCl and safd NaHCQs. The organic layer was dried over MgS04, filtered, and 
concentrated. Purification by flash chromatography (silica gel, 0-40% EtOAc in 
CHzaz) provided compound 207D (158 mg). (M+H5+ = 664.28. 



StepE: 
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Compound 207D (158 mg, 0.238 mmol) was disolved in THF (5 ml) and 
10%Pd/C (158 mg) was added. Hydrogen was bubbled through die solution for 30 
minutes and then the reaction was stirred under H2 ( 1 atm) for 6 h. The reaction was 
filtered through celite and the celite pad was washed liberally with THF until no UV 
5 active compounds were detected in the eluent Solvent was removed to give 
compound 207E (88 mg). 



To a solution of compound 207E (44 mg, 0.076 nunol) in DMPracetonitiile 
(1:1, 1^ ml) was added EDC (22 mg, 0.114 mmol) and HOAT (32 mg, 0.114 nmiol). 
To this solution was added (s)-tert4eucinol (39 fd, 0.3 mmol). This reaction was 
stirred ovCTnight at It The reaction was partitioned betweeai BtOAc and OJN HQ. 
15 The organic layer was separated, washed with sat'dNaHCOa, dried over M 

—^tetedrandconcentratei-Riiificationbyprep^ 

MeOH/CHaai) provided compound 207F (8 mg). (M+H)+ = 673.65. 

3StepG: Exaii?>le207 

20 Compound 207F was taken up in 20%TFA/CH2Cl2 and stirred at it for 3 h. 

Solvent was removed and sample was taken up in MeOH (2ml) and treated with 
IfflUOH (0.5 ml) for 1 hour. Solvent was removed and sample was taken up in water 
(--2 ml) as a suspension and loaded onto a C18 solid phase extraction cartridge (3 g). 




(207F) 



10 
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The cartridge was then washed with water (15 ml), the product eluted with 
MeOHiacetonitrile (1:1,6 ml), and the MeOHiacetonitrile eluent reduced under 
vacuum to give Example 207 (3.1 mg). (M+H)+ = 517:49. 

EXAMPLES 208-211 

The compounds reported in Table 12 were prepared in a similar fashion to 
Example 207. 

TABLE 12 



Ex. 


Compound Structure 


MS(M+H>f 


208 




525.53 


209 




575.49 


210 




567.45 








211 


H 


586.26 
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Toamixtiueof 




(24.6 mg, 0.087 mmol). 



2-(CBZ-animo)-5-ainmoben2iinidazole (50 mg, 0.087 mmol) and NaBH(0Ac)3 (23.1 
10 mg, 0.109 nunol) in CHaQa (2 mL)^ was added AcOH (0.1 mL) at it, and the mixture 
was stimced for 2 days, the reaction mixture was diluted with CH2CI2 (15 mL) and 
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washed with 10% NaiCOa. The organic layer was dried over MgS04 and 
concentrated in rotayap to give compound 212A. 

StepB; 




OMe (212B) 

5 To crude compound 212A was added 1% HCl/MeOH (5 mL). The mixture 

was sonicated for 2 min, allowed to sit at rt for 30 min., and concentrated to give 
compound 212B. 

StepC : Exanq)le212 

A mixture of compound 212B and 10% Pd/C (10 mg) in MeOH (5 mL) was 
10 stirred under hydrogen (btdloon pressure) for 2 h. The reaction mixtuie was filtered, 
rinsed with MeOH, and concentrated to give crude product Prq) HPLC purification 
(Shimadsu S5 VP-ODS 20x100 mm) afforded Example 212 (6.5 mg, 15%) as a white 
lyophUate. MS: (M+H)*=533. 



15 

^ • EXAMPLES 213-228 
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Compounds having the formula (lo) listed in Table 13 were prepared using the 
procedure of Example 193 whereby various alcohols of the formula Ri-OH w^e 
substituted for EtOH. 

TABLE 13 

5 



Ex. 


-R30 


MS (M+H)^ 


213 




554 


214 




556 




T • 


554 


216 


i-O 


568 


217 


II 


566 


218 




568 


219 




568 


220 


V 

1 


568 


221 




568 


222 




570 


223 




580 


224 




580 


225 




580 


226 




582 
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227 




588 


228 




568 



EXAMPLE 229 

5 



Step A ; 




10 N JsT-Dimethylamine (36 |JLL, 0.072 mmol) was added to a solution of 

compound 191H (15 mg, 0.018 mmol) in DMSO (225|jL). After 24 h of shaking the 
reaction mixture was placed on top of a 300 mg SCX caticm exchange column 

(CjUBCXlHL3R3)_which had been conditioned with MeQH (1 mT.) The cnlnmn 

was washed with MeOH (1 .5 mL). The product was ctated witfi 2.0 M NHa/MeOH 
15 (1 .5 mL). The eluant was cone, to give 9.6 mg of (compound 229A). 

StepB ; Example 229 

TFA (100 |iL) was added to a stirred solution of compound 229A (9.6 mg, 
20 0.013 mmol) in DCM (200 pL) at rt. After 2 b of stirring, the reaction mixture was 
cone, dissolved in MeOH (05 mL) and placed on top of a 300 mg SCX cation 
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exchange column (CUBCX1HL3R3) which had been conditioned with MeOH (1.5 
mL). The column was washed with MeOH (1^ mL). The product was eluted with 2.0 
M NHa/MeOH (1.5 mL). The eluant was cone, and placed under vacuum. The residue 
was dissolved in 5% TFA in MeOH. The solution was cone, and placed under 
5 vacumn. Et20 was added to precipitate a solid. The solid was collected by filtration. 
7.3 mg (54% - 2 steps) of Example 229 was obtained in the TFA salt form. MS 
(M+H)'^ = 541. 

EXAMPLES 230-231 




10 Rao'^ ^Flai (Ip) 

Compounds having the formula (Jp) above wherein the groups R30 and R3 1 are 
as set forth in Table 14 were prepared using the method of Exaiiq)le 229 with the 
following modification. Examples 230 and 23 1 were prepared by substituting N- 
15 benzyhnethylamine and N-benzylethylamine, respectively, in place of NJNf- 

dimethylamine in Step A and heating the reaction at 90''C for 24 h. The products from 
Step A were treated with cone. H2SO4 for 4 h. The reactions were quenched with 
water, partially neutralized witii 5N NaOH, diluted with MeOH, filtered and purified 
by PREP HPLC, to give the Examples in Table 14. 

20 TABLE 14 



Ex. 


Hal 


R32 




230 i 


H 


-CH3 


527 


231 


H 


-CH2CH3 


541 
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EXAMPLE 232 



Step A; 





(232A) 

To a suspension of NaH (258 mg, 10.2 mmol) inDMF (15 ml) was added a 
[I - ° ° 




10 



solution of ^ ^O' ^ (2,0g,8J inmol)inDMF(5.0ml)atioom 

temperature. The resulting mixture was stirred at rt for 30 inin. TfzNPh (3.50 g, 9.8 
nmiol) was added in one portion, and the mixture was stirred at rt ovemi^t The 
15 mixture was diiuted with eth^ (10 ixd)rwashed with saturate 



solution (3x30 ml), water (2x30 ml), brine (30 ml), dried (MgS04) and evaporated to 
give the <:rude product Purification of the crude product by column chromatography 
(silica, 5-15% CHaaa/hexane) gave compound 232A (1.30 g) as a colorless oil. 
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StepB: 




(232B) 




Ph 



5 



A mixture of tiiflate OTf o 



(1.34 g,2,83mmol). 



bis(piaacolate)diboroa 




(862 mg, 3.40 nimol), potassium acetate 



(750 mg), PdCl2(dppf) and 4A molecule sieves (ground, 4.0 g) in dioxane (25 ml) was 
heated at 107 °C overnight The mixture was cooled to rt and diluted with ethor. Tlie 
solid was removed by filtration and the filtrate was washed with water, brine, dried 
10 (MgS04) and concCTtrated to give the crude product as a dadc brown oil. Purification 
by column chromatography (silica, 10-20% BtOAc/hexane) gave 232B (L02 g) as a 
coloriess oil. MS: (M+H)*=452. 



StepG: 



15 




(232Q 
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To a solution of compound 232B (530 mg, 1 . 17 mmol) in acetic acid (2.0 ml) 
was added water (3.0 ml). The mixture was stirred at rt overnight The white 
precipitate was collected by filtration, washed with water and dried to give the 
compound 232C (295 mg) as a white solid, 

5 

Step D: 




10 To a solution of con5)ound 232A (37 mg, 0.10 mmol) in dioxane (3 mL) was 

added potassium phosphate (106 mg, 0.5 mmol), boronic acid 232C (41 mg, 0.11 
mmol) and Pd(PPh3)4 (6 mg, 0.01 nnmol). The mixture was stirred at rt overnight 
under argon. The mixture was diluted with DCM, filtered through a layer of celite and 
concentrated to give the crade product. Purification by flash column chromatography 

15 (silica, 10-30% CH2a2/hexane) gave compound 232D (40 mg) as a light yellow oil. 
MS: (M+H)''=542. 

jSteoE; 
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To a solution of ester 232D (40 mg, 0.74 mmol) in CH2CI2 (1.6 mL) was 
added TFA (0.4 ml). The mixture was stirred at rt for 1 h. The solvent and excess 
TFA was removed under vacuum to give compound 232E (32 mg) as a yellow film. 

5 StepF: 



15 




(232F) 

To a solution of compound 232E (30 mg, 0.062 mmol) in DMF (1.0 ml) was 
H 




:10 added the amine H 'U''^^^ ^ (20 mg, 0,074 mmol), DCC (15 mg, 0.074 
mmol), HOAt (1 mg), and DMAP (1 mg). The mixture was stined at rt ovemigjit, 
filtered, evaporated to give the crude product. Purification by flash column 
chromatography (silica, 0-5% MeOH/DCM) gave 232F (26 mg) as a yellow film. MS: 
(M+H)^=750. 



Step G; ExaDaple232 



A mixture of compound 232F (16 mg, 0.021 mmol), Pd/C (10%, 10 mg) in 
MeOH (2 mL) was stirred under hydrogen atmosphere (hydrogen balloon) at rt for 2 
20 days. HPLC indicated completion of the reaction. The reaction mixture was filtwed 
tiux)ugh a ceUte cake and lyophilized to give Exaniple 232 (^^^ 
powd^. MS: (M+IQ*=527. 
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CLAIMS 
We claim: 

1 . A compound having the formula (J): 




or a pharmaceutically-acceptable salt, hydrate or prodrug thereof, wherein: 
W is selected from Ca^oalkyl, C2.ioalkenyl, substituted C^-ioalkyl, substituted C2- 
loalkenyl, -^(=0)NR4R5, -OR<>, -<:02R4, ^(=0)R4, -SR4,-S(0)pR4, -NILtRs, 

10 ~NR4S02R5, -NR4aS02NR4R5.-NR4CX)2R5, -NR4C(=0)R5. -NR4aC(=0)NR4R5. 

-SO2NR4R5. heterocyclo, heteroaryl, aryl, and cycloalkyl; 
ring B is phaiyl or pyridyl; 

Xa is N, CH, or C, provided that X2 is C when Ri and R2 join to form a fully 
unsaturated ring; 

15 Lis-(CRi8Rl9)s-Y-(CRi8aRi9a)t; 

Y-issdeGtedfiom-C(=<))r-<X=<>)NRi^^^ 

-<Ri4Ri5-NRir-, and-<3Ri3Ri4-<3li5Rid-; 
Z is a S to 7-membeied monocyclic or 8 to 1 l^membered bicyclic arj4, heteroaryl, 
heterocyclo, or cycloalkyl, whmin each Z group is optionally substituted with up 
20 to two R20 and/or up to one R21 , except Z is not phemyl substituted with 

phenyloxy when W is methoxy, j is 0 and Y is -CHr CH2-; 
Ri and R2 (i) are indq)endently selected fiTom hydrogen, alkyl, substituted alkyl, 
alkenyl, substituted alkenyl, heteroaryl, aryl, heterocyclo, and cycloalk^; or (ii) 
are taken together to form an aryl, heteroaryl, cycloalkyl, or h^erocyclo, 
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provided that Ri and R2 do not together form pyrazole when W is methoxy and Z 
is biphenyl; and when Ri and R2 individually or together fonn a heteroaryl, aryl, 
heterocycio, or cycloalkyU said cyclic group is optionally substituted with up Co 
three R26; 

5 R3 is hydrogen, alkyl, substituted allcyl, het^aryl, aryl, heterocyclo, cycloalkyl, or 
alkyl substituted with '-OC(=0)R24 or -OC(=0)OR24, wherein R24 is alkyi, 
substituted alkyl, or cycloalkyl^ provided that R3 is not phenyl when W is 
methoxy; 

R4/R4a.R5 and R6 are (i) independently selected bom hydrogen, alkyl, substituted 
10 alkyl, alki^yl, substituted alkenyl. aikynyl, substituted alkynyl, heteroaUcyl, 

substituted heteroalkyl, aryl, heteroaryl, heterocyclo, and cycloalkyl; or 
alternatively, (ii) R4 and R5 may be taken together to form a five-to-seven 
membered heteroaryl or heterocyclo, except when W is -S(0)pR4, then R4 is not 
hydrogen; 

15 Rz and R26 (i) are at each occurrence independently selected from hydrogen, OR30, 
NR31R32, NR3iS02R32a, alkyl, alkenyl, substituted alk^, substituted alkenyl, 
halogen, haloalkyl, haloalkoxy, cyano, nitro, alkylthio, -<:(=0)H, acyl, -CO2H, 
alkoxycarbonyl, sulfonamido, sulfonyl, and phenyl, or (ii) two of R« and/or two 
of R26 may be taken together to form a fused benzo ring, a fused heteroaryl, a 

20 fused cycloalkyl, or a fused heterocyclo other tiian a five or six membered 

heterocyclo having as its heteroatoms two oxygm atoms, provided further that 
^hen two R26 form a fused benzo ring, then Z is not phenyl substituted in the para 
position with cyano or a five-membered heterocycle or heteroaryl; 
Ri3. Ri4, Ri5» Ri6» R18, Ri8a, Ri9. and Ri9a are selected from hydrogen, lower alkyl, 

25 hydroxy, and lower alkyl substituted with hydroxy or halogen; 

R20 and R21 are independently selected at each occurrence from hydrog^i, halogen, 
lalkyl, substituted all^l, haloalkyl, haloalkoxy, cyano, nitro, -dc=0)NR22R23, 

-OR22, "<:Q2R22. -C(=0)R22. -SR22. -S(0)qR22a, -NR22R23,-NR22SQ2R23. - 
NR22a>2R23> -NR22C(=0)R23, -NR22C(=<))1^^^^ 

30 NR22SO2NR23R33, five or six m^beied heterocyclo or hetm)aryl, phrayl, and 
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four to scwen membered cycloalkyl, wherein when R20 and/or R21 mdependent of 
each other comprise a cycUc group, each cycUc group in turn is optionaUy 
substituted with up to three of CMalkyl, CMalkoxy, halogen, hydroxy, halpalkyl, 
haloalkoxy^ amino, alkylamino^ and/or cyano; 
5 R22i R23 R33 are independently selected firom hydrogen, alkyl, and substituted 
allqi; 

R22a is alkyl or substituted alkyl; 

R30 at each occurrrace is selected from hydrogra, alkyl, substituted alkyl, alkenyl, 
substituted alkenyl, cycloalkyl, and phenyl; 
10 R31 and R32 at each occurrence are independently selected from hydrogen, alkyl,* 
substituted alkyl, alkenyl, substituted alkenyl, and cycloalkyl; 
R32ais alkyl, substituted alkyl, alkenyl, substituted alkenyl, or cycloalkyl; 
m is 0, 1 or 2 when ring B is phenyl and 0 or 1 when ring B is pyridyl; 
and q are independently 1 or 2; and 
15 J and / are independaitiy 0, 1 or 2. 



2. A compound according to claim 1, or a pharmaceutically-acceptable salt, 
hydrate or prodrug thereof, wherein: 

20 ring B is phenyl; 

W is selected from -C(=0)NR4R5, -0R6, optionally-substitnted heterocycle, 
cycloalkyl, alkenyl,.substitutedalk«iyi,and_CMall^ 



LisKCH2)s~Y- 

Y is selected from -C(=0), ~NHC(=OH -NH-CH2~ and -<3Ir-CH2-; 
25 Z is selected from 
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R3 is hydtrogen, alkyl, substituted alkyl, or alkyl substituted with 

-OC(=0)R2i or-OC(=0)0-R24; 
5 R4 is hydrogen or lower alkyl; 

R5 is hydrogen, alkyl, substituted alkyl, alkrayl, substituted alkrayl, heterocyclo or 

heteroaryl; 
Rfi is Ca^alkyl, phenyl or benzyl; 

R26 is selected fifom hydrogen, OR30, NR31R32, alkyl, alkenyl, substituted alkyl, 
id substituted alkenyl, halogen, haloalkyl, haloalkoxy, cyano, nitro, alkylthio, 

-C(s=0)H, acyl, -CO2H, alkoxycarbonyl, or phenyl, or (ii) two of R26 may be 
taken togedier to form a fused benzo ring when Z is not phenyl substituted in the 
para position with a five-membered heterocycle or het^oaryl; 
R20 and R21 are independentiy selected from hydrogen, halogen, alkyl, haloalkyl, 
15 haloalkoxy, nitro, -OR22, -NR22R23, five or six membered heterocyclo or 

heteroaryl, phenyl, and four to seven membered cycloalkyl, or alkyl substituted 
with amino or alkylamino, wh^in whra R20 and/or R21 comprise a cyclic group, 
each cyclic group m tum is optionally substituted with up toihree of CMaUcyl, 
" Cf4alkoxy,"halogen7hydn)xy7haloa^ 
20 cyano; 

rtisO, 1 or2; and 
sisOor 1. 

3. A compound according to claun 1, or a phannaceutically-acceptable salt, 
25 hydrate or prodrug thereof, wherdn Z is selected fiiom: 
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N 




N 




(R20 



* n 




R2i 



R20 



wherein n is 0, 1 or 2, and R20a is selected fipom the group of R20 except R20ais 
10 not halogen or CO2H. 



4. A c^nq)duiul aiDDOiding~tonplaim"'l7^or"a~phanna^^ 
hydrate or prodrug thereof, in which t is 0 and eitfaen 

(a) J is 0 and Z is sdected from: 



15 
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5. A compound according to claim 1, or a pharmaceutically-^acceptable salt, 

hydrate or prodrug thereof , in which if and r aie 0 and Z is 

10 6. A compound according to claim 5, or a phannaceuticaUy-acceptable salt^ 

hydrate or prodrug thereof, in which Y is -NHC(=0)-. 

7. A compound according to claim 1, or a phannaceutically-acceptable salt, 
hydrate or prodrug th^eof , m which W is -C(=0)NR4R5. 



8. A compound according to claim 7, or a phannaceutically-acceptable salt, 
• hydrate or prodrug theareof, in which W is <:(=K))NH-CH(R25)-C(CH3)3 and R25 is 
hydrogen, CMalkyl, or d^ydroxyalkyl. 

20 9. A conq)Ound according to clami 1, or a phannac^tically-acceptable salt, 
hydrate or prodrug thaieof , in which one of Ri and R2 is selected from hydrogra and 
lower.alk^, the oth^ of Ri and R2 is aryl or arylalkyl, and W is not aryl or alkylaryl. 
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10. A compound according to claim 1, or a phannaceutically-acceptable salt, 
hydrate or prodrug thereof, having the formula: 




R26 



in which: 

Xi is selected (i) from -CR9R10-, -C(=0)-, -NRga- -O- and S- when the bond 
between Xi and the adjacent carbon atom to which R27 is attached (or when r is 0, 
10 the caibon atom to which R26 is attached) is a single bond, and (ii) from -CR9- 

and -N- when said bond is a double bond; 
X3 is selected (i) jBrom CH2 and NH when the bond between X3 and the adjacent 
carbon atom to which R26 is attached is a single bond, and (ii) from ~CH- and 
~N- when said bond is a double bond; 
15 R9 and Rio are independently selected from hydrogen, hydroxy, alkoxy, amino, 
alkylamino, alkyl, alkenyi substituted alkyl, substituted alkenyi, halogra, 

- haloalkyl, haloalkoxy.cyano. Ditro,_alkylthio. -C(=0)li acy L -CO 2H, and 

alkoxycarbon^; 

R9a is selected fiom hydrogen, hydroxy, ^oxy, all^, alkenyl, substituted alkyl, and 
20 substituted alkenyi; 

R26 and R27 are selected ficom hydrogen, OR30, NR31R32, alk^, alkenyi, substituted 
alkyl, substituted alkrayl, halogen, haloalkyl, haloaikoxy, cyano, nitro, alkylthio, 
-C(=0)H, acyl, -CO2H, alkoxycarbonyl, and phenyl, or (ii) R26 and R27 may be 
taken together to form a fused benzo ring when Z is not phenyl substituted in the 
25 para position with cyano or a five-memb©rcd heterocycle or heteioaryl; and 
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risOor 1. 



1 1 . The compound of claim 1 , or a pharmaceutically-acceptable salt» hydrate or 
5 prodrag thereof » in which 

W is <:(=0)NHCH(R25H-butyl; 
LiS"NHC(=OH 

R3 is hydrogen, lower aUcyl, or lower alkyl substituted with -OC(=0)(allcyl), - 
OC(=0)0-(alkyl). -OC(=0)(cycloalkyl), or-OC(=0)0(cycloalkyl); and 
10 R25ishy(lrogenorhydroxymethyL 



12. A compound according to claim 1, having a formula selected fitom (i) 



15 




20 
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OR30 



in which R25 is hydrogen or hydroxymethyl, and R30 and R31 are lower alkyl, or (ii) a 
5 pharmaceutically-acceptable salt, hydrate or prodrug thereof. 



13. A compound having a fonnula (lA) or (HA): 



w 




(HA), 



orirpharmaccuticaUy-acceptablesaltrhydrateorpixxinigt^^ 

W is selected from C^oalkyl, C2.ioalkenyl, substituted C2.ioallcyl, substituted 

loalkenyl, -C(=0)NR4R5, -OR^, -CO2R4, -C(=0)R4, -SR4, ^(0)pR4, -NR4R5. 

-NR4SO2R5, -NR4CO2R5, -NR4C(=0)R5. -^02NR4R5, ^«l4aS02NR4R5., 

-NR4aC(=0)NR4R5,, heterocyclo, heteroaryl, aryl, and cycloalkyl; 
Xi is selected (i) from -CR9Ri(r-, -C(=OH -^9a-, -O- and -S- when the bond 
between Xi and the adjacent carbon atom to which R27 is attached (or wh^ r is 0, 
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the carbon atom to which R26 is attached) is a single bond, and (ii) from -CR9- 
and -N- when said bond is a double bond; 
X3 is selected (i) from -CRuRi2- -C(=0)-, -NRua- -O- and when the bond 
between X3 and the caibon atom to which R26 is attached is a single bond, and (ii) 
5 from -CRii— and -N- when said bond is a double bond; 

Y is selected from -C(=0)NRi3-, -NRi3C(=OK -NR13CR14R15-, --CRi4Ri5-NRi3-. 

{ 

and -CR13R14-CR15R16-. or Y may be -C(=0)-, whtti Z is 
Z is selected from a 5 to 7-mmibered monocyclic or 8 to 1 1-membered bicyclic aryl, 
heteroaryl, het^rocyclo, or cycloalkyl, \^eiein each Z group is optionally 
substituted with up to two R20 and/or up to one R21 ; 
Ri and R2 (i) are indq)endaitiy selected from hydrogen, alkyl, substituted alkyl, 
heteroaryl, aryl, heterocyclo, and cycloalkyl; or (ii) are taken together to form a 
five-to-seven membered heterocyclo; wherein when Ri and R2 individually or 
together form a cyclic group, said cyclic group is optionally substituted with up 
to two R26; 

R3 is hydrogen, alkyl, substituted alkyl, heteroaryl, aryl, heterocyclo, cycloalkyl, or 
alkyl substituted with one of -OC(=0)R24 and -OC(=0)0-R24, wherein R24 is 
alkyl, substituted alkyl, or cycloalkyl; 
R4, R4a and R5 are (i) indepqadently selected from hydrogen, alkyl, substituted alkyl, 
alken]d, substituted alkenyl, alkynyl, substituted aUeynyl, heteroallyl, substituted 
heteroalkyl, aryl, heteroaryl, heterocyclo, and cycloallEyl; or alternatively (ii) R4 
imd-Rs may be takea together to fom a-five-to-sevffl-membCT^ — 
heterocyclo ring, except vfhea W is -S(0)pR4, then R^is not hydipgen; 
R^ is Ci^alkyl, phenyl, or benzyl; 

R«, R9, Rio, Rii , Ri2> R26 and R27 (i) ^ at each occurrence indep^dentiy selected 
from hydrogen, OR3o» NR31R32, NR3iS02R32a, alkyl, alkenyl, substituted alkyl, 
OTbstituted alkenyl, halogen, haloalkyl, haloalkoxy, cyano, nitro, alkylthio, 
-<:(=0)H, acyl, -CO2H, alkoxycarbonyl, sulfonamido, sulfonyl, and phenyl, or 
(ii) when r is 1 , R26 and R27 may be taken together to form a fused benzo ring. 
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provided that when R26 and R27 form a fiised benzo ring then Z is not phenyl 
substituted in the para position with cyano or a five-membered heterocycle or 
heteroar^; 

R9a and Riu are selected from hydrogen, OR30, NR31R32, alkyl, alkenyl, substituted 
5 alkyl, substituted alkraiyl, -C(=0)H, acyl, alkoxycarbonyl, sulfonamido, 
sulfonyl, and phenyl, 

Ri3. Ri4, Ri5» and Rie are selected from hydrogen, lower alkyl, hydroxy, or lower alkyl 

substituted with hydroxy or halogen; 
R20 and R21 are indq)endently selected from hydrogen, halogen, alkyl, substituted 
10 alkyl, haloalkyl, haloalkoxy, cyano, nitro, -C(=0)NR22R23, -OR22, -<^02R22, 

-C(=0)R22, -SR22. -S(0)qR22arNR22R23.-NR22S02R23, -NR22CO2R23, " 

NR22C(=0)R23, -SO2NR22R23, -NR22C(=0)NR23R33, - NR22SO2NR23R33, five or 
six membered heterocyclo or heteroaryl, phenyl, and four to seven membered 
cyclbalkyl, wherein when R20 and/or R21 comprise a cyclic group, each cyclic 
15 group is in tunioptionaUy substituted with up to three lower alkyl^halog^, 

hydroxy, haloalkyl, haloalkoxy, amino, aminoalkyl, or cyano; 
R229 R23f and R33 are independently selected from hydrogen, halogen, alkyl, and 
substituted alkyl; 

R30 at each occurrence is selected from hydrogen, alkyl, substituted alkjd, alken]d, 
20 substituted alkenyl, cycloalkyl, and phenyl; 

R31 and R32ateach occurrence are independently selected from hydrogen, alkyl, 

substituted alkyl, alkenyl, substituted alkenyl, and cycloalkyl; 
R22a and R32a at each occurrence are independratiy selected from alkyl, substituted 
alkyl, and cycloalkyl; ^ 
25 in is 0, 1 or 2; 

p and 9 are indepradentty 1 or2; 

risOorriahd ' 
^isOorl. 
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14. A compound according to claim 13 having the formula (lA), in which X3 is N, 
CH, or CH2, or a phaimaceutically-acceptable salt, hydrate or prodrug thereof. 

15. A conq)ound according to claim 13 having the formula: 




or a pharmaccutically-acceptable salt» hydrate or prodrug thereof. 

/" 

. 16. A compound according to claim 15 or a phannaceutically-acc^table salt, 
10 hydrateorprodrug thereof m which 

(a) ^ is 0 and Z is selected ficom: 

NH2 




(b) ^ is 1 and Z is selected from: 
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and 



H2N- 




R26 is C2-6Straight or branched alkenyl, -OR30 or -NR31R32; 

R30 is Ci-5 straight or branched chain alkyl, Ca^straight or branched alkenyl, C3. 

scycloalkyi, or Cm straight or branched chain alkyl substituted with one to two of 
halogen, lower alkoxy, and C3.5cycloalkyl; and 

R31 and R32 are selected firom hydrogen and lower alkyl. 



17. A compound according to claim 13, in which the groups Z-(CH2)s-Y- taken 
10 together are selected from: 





15 18. A compoimd having the fonnula (lA) or (HA): 
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or a phamaceuticaUy-acceptable salt, hydrate or prodrug thereof, wherein: 
W is selected from -€(=0)NR4R5, -OR6. optionally-substituted heteawycle, alkenyl, 
5 substituted alkenyl, and Ci^alkyl substituted with alkoxy; 

Xi is selected (i) from -Cth-, -NH- -O- and -S- when the bond between Xi and 

the carbon atom to which R27 is attached (or when r is 0» the bond between X] 

and the carbon atom to which R26 is attached) is a single bond; and (ii) from 

-CH- and -N- when said bond is a double bond; 
10 X3 is selected (i) from -CHz-, -NH-. -O- and -S- when the bond between X3 and 

the carbon atom to which R26 is attached is a single bond, and (ii) from -CH- and 

— N— when said bond is a double bond; 



Y is selected from -NHC(=0)-, -NH-CHr*. and -<:H2-CH2~ or Y may be -C(=0)- 




20 
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5 




Ri and R2 (i) are indepoidratly selected bom hydrogen, -CMalkyl, phenyl, and -Ci- 
10 4alkyl substituted with phenyl; or (ii) aie taken together to fonn a five-to-sev^ 
m^bered heterocyclo; 
:R3 is hydrogen or CMalkyl; 

a) R4 is selected from hydrogffl, CMalkyl, and C].4alkyl substituted with hydroxy; and 
R5 is selected from: 
15 i) Cuoalkyl or Ci.ioalkenyl; 

ii) Cj^alkyl or C^oalkenyl substituted with one to three of: 
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a. OH, keto (=0), -OCMalkyl; 

b. partially or fully saturated cycloalkyl in turn optionally 
substituted with Ci^alkyl or hydroxy; 

c. phenyl in turn optionally substituted with halogen, hydroxy, 
5 methoxy, Ci^alkyl, ~S02NH2, or -NO2; 

d. heteroaryl in turn optionally substituted with methyl; 
c. heterocyclo; and/or 
f. NHPhenyl; 

iii) heteroaryl or heterocyclo optionally substituted with NH2; 
b) or alternatively, R4 and R5 together form a heterocyclo or hetoroaryl optionally 
substituted with hydroxy, CMalkyl, and Q^alkyl substituted with one or more of 
hydroxy and/or phenyl; 
R6 is selected from CMalkyl, phenyl and benzyl; 

R26 and R27 at each occurrence are independently selected of each other from the 
group consisting of hydrogen, CMalkyl, Cz^^alkenyl, OR30, NR3iR32t phenyloxy, 
and benzyloxy, or when r is 1 , R26 and R27 may be taken together to form a fused 
benzo ring, provided that when R26 and R27 form a fused benzo ring thra Z is not 
phenyl substituted in the para position with a five-membered heterocycle or 
heteroaryl; 

R20 and R21 are independendy selected from hydrogen, halogen, •-C(=0)NH2, 

-C(=0)CMalkyl, -NH2, -NHCMalkyl, -S-Gj^alkyl, -0-CMalkyl, CMalkyl, Ci. 
4alkjd substituted with NH2, and iBve or six membered heterocyclo or heteroaryl; 
R30 at each occurrence is selected from hydrogen, alkyl, substituted alkyl, alkenyl, 

substituted alk^yl, cycloalkyl, and phenyl; 
R31 and R32 at each occurrence are independently selected fix)m hydrogen, alk^, 

substituted alkyl, alkrayl, substituted alkenyU and cycloalkyl; 
n is 0,1 or 2; 
rlsOor l; and 
;risOorl. 
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19. A compound according to claim 18, or a phannaceutically accq)table salt, 

hydrate or prodrug thereof, in which Z is: 
a) a 6,5 bicyclic heteroaryl selected from: 




10 
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5 




d) a phrayl group selected from: 
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e) a monocyclic heteroaryl group selected from: 

5 




10 
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f) a heteiocyclo group selected from: 



H2N 




H — 




or 



10 g) a cycloalkyl group selected from: 



H2N H 




20. A compound according to claim 1 8 or a pharmaceutically acceptable salt, 
15 hydrate or prodrug thereof, having the formula: 




20 



in which R25 is hydrogen or hydroxymethyl, and R26 is NR31R32. 

21 . A pharmaceutical composition comprising (a) at least one compound 
according to claim 1, or a pharmaceutically acceptable salt, hydrate or prodrug 
thereof, and (b) a pharmaceutically acceptable carrier or diluent 
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22. A pharmaceutical composition compriising (a) at least one compound 
according to claim 13, or a pharmaceutically acc^table salt, hydrate or prodrug 
thereof, and (b) a pharmaceutically acceptable carri^ or diluent 

5 23. A pharmaceutical composition for treating an inflammatory or immune 
disorder comprising (a) at least one compound according to claim 1 , or a 
pharmaceutically acceptable salt, hydrate or prodrug thereof, (b) at least^bne second 
compound for treating an an inflammat ory or immune disorder and (b) a 
pharmaceuticaily acceptable carrier or diluent 

. 10 

24. A pharmaceutical composition for treating a coagulation-associated disorder 
comprising (i) at least one compound of claim 1 or a pharmaceutically acceptable salt, 
hydrate or prodmg thereof, (ii) one or more second compounds effective for treating a 
coagulation-associated disorder; and (iii) a pharmaceuticaUy-acceptable carder. 

15 

25. A method of treating a coagulation-associated disord^, an inflammatory or 
inunune disease, or metastases conq>rising administering to a mammal in need thereof 
a tberapeutically-effective anaount of at least one compound according to claim 1 . 

20 26 A method for niaintaining a blood supply in the fluid phase coniprising 
administering to said blood supply at least one compound according to claim 1 . 



25 
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